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 !"" #$%& '!"" ($"( )*($"( +$"'(,&($-. /(*%&( '$( "(0( 1-,!-(2$( 3 #4$(*-.
'0,%&#(-5("6
1($ ε '(, 72(,$"2(8 9"-($* !" 3:14$(*(," 0"' (1− ε) '(, 9"-($* !" $:14$(*(,";
<$" $:14$(*(, /$,' =$- &>&(, ?!&,#%&($"*$%&)($- !0@ ($"(" !"'(,(" $:14$(*(,
-,(ﬀ(" 0"' '!"" '$( 90#5!&*0"2 aii (,&!*-("; ?("" (, 50@B**$2 !0@ ($"("
3:14$(*(, -,$ﬀ-. '!"" (,&B*- (, '$( 90#5!&*0"2 aij ; C(, '0,%&#%&"$--*$%&( D(:
/$"" ($"(# $:14$(*(,# $#- !*#>
Gi = (1− ε)aii + εaij
9"!*>2 $#- '$( '0,%&#%&"$--*$%&( 90#5!&*0"2 @E, ($"(" 3:14$(*(,
Gj = (1− ε)aij + εajj
?("" '$( 1-,!-(2$( $ $==0" 2(2(" F"G!#>,(" =$- '(, 1-,!-(2$( 3 #($" #>**.
'!"" =0## Gi > Gj 2(*-(". !*#>
(1− ε)(aii − aij) + ε(aij − ajj) > 0
H; C! '(, 9"-($* (1−ε) 2,>ß $= J(,2*($%& 50 ε $#-. =0## 50"B%&#- aii ≥ aij
2(*-("; C!# $#- 2(,!'( '$( K('$"20"2. '!## 7$.$8 ($" L!#&:D*($%&2(/$%&-
$#-. ($" ($"5(*"(, )!"" #$%& "$%&- G(,M(##(,". /("" (, #-!-- $ '$( 1-,!-(2$(
3 #4$(*-;
N; D$*- $" '$(#(= O!** #>2!, aii > aij 7#-,$)-(# L!#&:D*($%&2(/$%&-8 '!""
#$"' /$, @(,-$2. '! !""!&=(2(=Bß (1 − ε) ≫ ε 2$*-; F#- aii = aij 7'!#
&($ß- 3 $#- ($"( M(#-( 9"-/>,- !0@ $8 '!"" =0## aij > ajj 2(*-(";
C!# #$"' !M(, 2("!0 '$( 5/($ K('$"20"2(" !0# C(ﬁ"$-$>" Q; F"#2(#!=- &!M("
/$, !*#>. '!## F"G!#>,(" 2("!0 '!"" "$%&- $" ($"( ,($"( K(GR*)(,0"2 =$- '(,
1-,!-(2$( $ ($"',$"2(" )!"". /("" $ ($"( (G>*0-$>"B, #-!M$*( 1-,!-(2$( $#-;
L(&=(" /$, "0" !". /$, &!M(" )($"( ,($"( S>40*!-$>". #>"'(," ($"( K(: 5($-*$%&( <"-/$%)*0"2
($"(, K(GR*)(,0"2GR*)(,0"2 $" '(, " G(,#%&$('("( 1-,!-(2$(" G(,-,(-(" #$"'; C$( 90#5!&*0"2.
'$( ($" 14$(*(, =$- 1-,!-(2$( $ 2(2(" ($"(" 14$(*(, =$- 1-,!-(2$( 3 (,&B*-. #($
/$( 2(/>&"- aij 0"' A = (aij)1≤i,j≤n #($ '$( 90#5!&*0"2#=!-,$T; 1($ xi '$(
UB0ﬁ2)($- '(, 1-,!-(2$( $ $" '(, K(GR*)(,0"2 0"' x '(, J()->, '$(#(, UB0:
ﬁ2)($-(". x = (x1, . . . , xn); F"#M(#>"'(,( $#- !*#> xi ≥ 0 0"'
∑n
i=1 xi = 1
7?$, #!2(" '!"" !0%&. '!## x !0@ '(= <$"&($-##$=4*(T Sn *$(2-8;
V= '$( CW"!=$) '(# 1W#-(=# 50 0"-(,#0%&(". M,!0%&(" /$, ($" +>'(** @E,
'$( <"-/$%)*0"2 '$(#(, K(GR*)(,0"2; C!@E, M("R-$2(" /$, 50(,#- @>*2("'(
K(>M!%&-0"2;
 !"!#$%&' ( 7C0,%&#%&"$--*$%&( 90#5!&*0"28
?$, M(,(%&"(" '(" '0,%&#%&"$--*$%&(" D(/$"" @E, ($"(" 14$(*(, 0"' @E, '$( '0,%&#%&"$--*$%&(
90#5!&*0"2D(#!=-M(GR*)(,0"2X
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 ! "#$ %&#'(') *#+ ,') %+)-+'.#' # +)#ﬀ+ *#+ '#$') 0-1)231'#$(#314'#+ x1
-56 '#$'$  7%&#'(') 5$, ')18(+ ,-$$ '#$' 952:-1(5$. ;<$ ai1! =#+ '#7
$') 0-1)231'#$(#314'#+ ;<$ x2 +)#ﬀ+ ') -56 '#$'$ >7%&#'(') 5$, ')18(+
ai2? 52@! %'#$' ,5)31231$#++(#31' 952:-1(5$. #2+ -(2< .'.'A'$ ,5)31 ,#'
%5**'
ai1x1 + ai2x2 + . . .+ ainxn =
n∑
j=1
aijxj = (Ax)i,
@<A'# (Ax)i ,'$ #7+'$ "#$+)-. ,'2 B'4+<)2 Ax A':'#31$'+!
>! 0#(( *-$ ,#' *#++(')' 952:-1(5$. ,') C'2-*+A';D(4')5$. ')*#++'($? 2<
A')'31$'+ *-$ '#$6-31 ,'$ .'@#31+'+'$ E5)31231$#++ ,') 952:-1(5$.'$
,') '#$:'($'$ %+)-+'.#'$F
x1(Ax)1 + . . .+ xn(Ax)n = x
TAx
0#) 4D$$'$ $5$ '#$ =<,'(( 6G) ,#' :'#+(#31' "$+@#34(5$. ,') H85ﬁ.4'#+'$ xi9$$-1*'$ GA') ,#'
EJ$-*#4 -562+'(('$! 0#) $'1*'$ ,-A'# -$? ,-22 '#$' %+)-+'.#' 5*2< 2+8)4') @8312+?
,'2+< .)Dß') #1) C'@#$$ #* B').('#31 :5* *#++(')'$ C'@#$$ ,') C'2-*+A'7
;D(4')5$. #2+! =-$ ')18(+ 2<*#+ ,#' L'&(#4-+<).('#315$.F
 !ﬁ#$%$&# ' ML'&(#4-+<).('#315$.N
 !" #$"%&' (&)*+,-./+&0  .ﬀ&0&,%.!-(-&./+2,(&, x˙i = xi[(Ax)i−x
TAx] +&.ß%
4&5-.6!%70(-&./+2,(8 #.& ."% &., 97:&-- :!;<0= ).& "./+ :.& >?2ﬁ(6&.%&, :&0
&.,A&-,&, #%0!%&(.&, xi ., :&0 B&.% &,%)./6&-,8
()%* + M"#$6-31' "#.'$231-6+'$ ,') L'&(#4-+<).('#315$.N
 ! 0'$$ x = x(0) ∈ Sn ,-$$ x(t) ∈ Sn 6G) -((' +"#.'$231-6+'$ ,')
L'&(#4-+<).('#315$.
>! E#' L-$,ﬂ831'$ ;<$ Sn 5$, ,-2 P$$')' 2#$, #$;-)#-$+
Q! E#' "34&5$4+' ;<$ Sn 2#$, R#S&5$4+' ,') L'&(#4-+<).('#315$.
C&)&."8
 ! %'# x ∈ Sn? -(2<
∑n
i=1 xi = 1! E-$$ .#(+∑n
i=1 x˙i =
∑n
i=1 xi(Ax)i − (
∑n
i=1 xi)(x
TAx) = xTAx− xTAx = 0
>! 0'$$ xi = 0? ,-$$ x˙i = 0? -(2< #2+ ,') L-$, #$;-)#-$+! P$2A'2<$,')'
#2+ ') -531 6G) $'.-+#;' T'#+'$ #$;-)#-$+! E-1') .#(+ 6G) x(0) ∈ int(Sn)?
,-22 x(t) ∈ int(Sn) 6G) -((' +!
Q! R-((2 xj(0) = 1 5$, xi(0) = 0 6G) -((' i 6= j? ,-$$ 6<(.+ ,#' 9522-.'
,5)31 "#$2'+:'$ #$ ,#' L'&(#4-+<).('#315$.!
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−1 0
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 !" #$%&
'% ()$%*'$+,-+$./ 0$1+ %' 23%$ '+"$4+% 5-'6&7*%$860%3$86+%9 /:;*$86 <=9=> ,/#
<?9?>@
(%+2+ ;-/ #$%'% A-+"$B $/ #$% C%)*$4-+."0*%$86,/0 %$/9 '. %"6:*+ ;-/ D!" #%/
E/+%$* x -/ =&()$%*%"/ #$% ?$ﬀ%"%/+$-*0*%$86,/0 x˙ = x(1 − x)[3x − 2]. ?%"
E/+%$* -/ =&()$%*%"/ 3:86'+ -*'. 0%/-, #-//9 3%// x > 23 0$*+@ G'+ x 4*%$/%"
-*'
2
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3',%'"<!"- <!1'? ("<"- 4!, 8-# 68",#' %8) "!-" $(%##" =/- 3',%'"<!"- )"#'? .!"
;"0/,@5A53',%'"<!"-2 B!, 1","7+-"- .%-- )*, .!"#" 3',%'"<!"- .!" C8#6%+5
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,'%&'$4!$( 4$4$/$(> ?&( @&(( $(')$2$% @77-$%!$%$( 72$% (!0#'9 8!% #&/$(
!* )$!'$%$( A$%.&+6 4$"$#$(1 )&" $!( B%&'!7(&.$%B ,-!$.$% '+( "7..'$> CD*.!0#
!**$% E$6$@' "-!$.$(1 2$(( 2&" !"' 2!$ ,'%&'$4!$1 /$! 2$% $% "$!($( F&G7ﬀ
*&I!*!$%'9
C+( .&""$( )!% *$#%$%$ 3+(2$( <+9 E&2+%0# $%#=#' "!0# 2!$ J(<&#. 2$%K(;/$%"0#&+/&%$
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8!$2$%#7.+(4$(
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)D%$1 2&"" *&( (+% @77-$%!$%'1 )$(( 2$% 5$4($% !( 2$( .$'<'$( O 3+(2$(
<+*!(2$"' 2%$!*&. @77-$%!$%' #&'9 M" )!%2 "0#7( &( 2!$"$(  $!"-!$.$( @.&%1
2&"" 2!$ J(<&#. 2$% *=4.!0#$( ,'%&'$4!$( "$#% "'&%@ )D0#"' +(2 +(;/$%!"0#'T
.!0# )!%29 8!% "0#%D(@$( +(" 2&#$% &+6 2!$ 67.4$(2$ U.&""$ L7( ,'%&'$4!$(
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5$6&(4$($(2!.$**&
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• 3$)&%2 3>  $!2$ ,-!$.$% #&/$( @77-$%!$%' VZ1ZX
• ,+0@$%[" -&G*$(' ,> ?$!( 5$4$("-!$.$% #&' *!0# &+"4$(+'<'1 )D#%$(2
!0# @77-$%!$%' #&/$ VZ1EX
• \$*-'&'!7( \> ]0# #&/$ *$!($( 5$4$("-!$.$% &+"4$(+'<' VE1ZX
• F+(!"#*$(' F> 8!% #&/$( /$!2$ E$6$@' 4$"-!$.' VE1EX
?!' 2!$"$( L!$% ^+"'D(2$( .&""$( "!0# 2!$ *=4.!0#$( ?$*7%GTWT,'%&'$4!$(
.$!0#' &(4$/$(>
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`$2$ ?$*7%GTWT,'%&'$4!$ !"' 2+%0# $!($( A$@'7% (y, pR, pS , pT , pP ) 4$4$/$(1
)7/$! G 2!$ 8&#%"0#$!(.!0#@$!' &(4!/'1 !( 2$% W9 3+(2$ <+ @77-$%!$%$( +(2
pi 6;% i ∈ {R,S, T, P} 2!$ 8&#%"0#$!(.!0#@$!' !"'1 !( 2$% (D0#"'$( 3+(2$ <+
@77-$%!$%$(1 )$(( *&( !( 2$% A7%%+(2$ 2!$ J+"<&#.+(4 ! $%#&.'$( #&'9
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8-/ A1//7&8-< "1 *"# -*&8-7#*) B-"#)-'-)#< 13 -*& >?*-'-/ $*# -*&-/ 8-#-/$*C
&*"#*"+,-& >#/%#-)*- *& 8-/ &!+,"#-& D7&8- E11?-/*-/# Fpi = 1G 18-/ &*+,#
Fpi = 0G6
A-/&%+,'!""*)# $%& 47&!+,"# 8-& -/"#-& >?*-'47)< 8%&& )*3# -" )-&%7 24 = 16
8-#-/$*&*"#*"+,- >#/%#-)*-&< 8-&& BH/ I-8- 8-/ J A%/*%3'-& pR< pS < pT 7&8 pP
E1$$-& &7/ 8*- .-/#- : 18-/ ; *& K/%)-6
 !"#"$!% FS0, . . . , S15G
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8%/"#-''-&6 >1 *"# 8*- 3*&!/- =%/"#-''7&) 01&
13 = 1 · 23 + 1 · 22 + 0 · 21 + 1 · 20
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34&%$;'%-8  $%  !-- !-  %/ B4&-$%& *%$)-$//*1 C-".%"!/* '!>%- !-
 %/ B4&-$%& @D =E$%)%& *%$).%-(//%-8  $% 34/ B%$) "%'& !4".%7)F.%)*%
=*&!*%.$%- 0%&,().* '!>%- 4- 34/ G%$"E$%) 0%&"4;'* '!>%-8  %- +%.5
-%& .%-!4 34 !-!):"$%&%- 4-  $% B!7*$7  !-- %-*"E&%;'%- 34 #H')%-1
+%#(--%- '!* >%$  $%"%/ B4&-$%& F>%&&!";'%- %&#%$"%  !" %$-,!;'"5
*% 9&(.&!//8 -H/)$;' B$* ,(& B!*8 %$-.%&%$;'* 0(/ 9":;'()(.%- 4- 
=E$%)*'%(&%*$7%& I-!*() J!E(E(&*1
K$%"%" B4&-$%& #4& % !-";')$%ß%- "%'& .%-!4 4-*%&"4;'*1 2" "*%))*%IM%)&( N" 3#%$*%"
B4&-$%& "$;'  !>%$ '%&!4"8  !"" BOB 7%$-%"#%."  $% E%&,%7*% B!7*$7 $"*8  %--
%" 'H**%  4&;'!4" >%""%&% =*&!*%.$%- .%.%>%- 5  $% !>%& 0(- -$%/!-5
 %/ %$-.%&%$;'* #4& %-1 K!" '!* IM%)&(  !34 0%&!-)!""*8 %$- 3#%$5
*%" B4&-$%& 34 0%&!-"*!)*%-1 P-*%& )%$;'* .%H- %&*%- =E$%)&%.%)- '!>%-
 $%"/!) Q@ =*&!*%.$%- *%$).%-(//%- 5 4-*%& !- %&%/ #4& %- !4;' %$5
-$.% =*&!*%.$%- %$-.%&%$;'*8  $% $/ %&"*%- B4&-$%& >%""%& !)" B$* ,(& B!*
!>.%";'-$**%- 'H**%-1 K(;' !4;' $-  $%"%/ 3#%$*%- B4&-$%& '!* "$;' $-
 %/ -4- .&Rß%&%- B%$)-%'/%&,%) BOB %$- %4*$.  4&;'.%"%*3*1
 
P-*%&"4;'* /!-  $% 2$.%-";'!,*%- 0(- BOB8  !-- "*%))* /!- 34-H;'"*2$.%-";'!,*%- 0(-
BOB ,%"*8  !"" B$* ,(& B!* .%.%- I)) K #%"%-*)$;' >%""%& !)" I)) S !4""*%$.*8
 %-- BOB )H""* "$;' -4& %$-/!) !4">%4*%-T
TFT C D D D D . . .
All D D D D D D . . .
2$- #%"%-*)$;'%& U!;'*%$) 0(- BOB $"* V% (;'8  !""  $%"% =*&!*%.$% "%'&
%/Eﬁ- )$;' !4, O%')%& &%!.$%&*1 =E$%)* B$* ,(& B!* .%.%- %$-%- !- %5
&%- B$*5,(&5B!*5=E$%)%& 4- >%&F;7"$;'*$.* /!-8  !"" /!-;'/!) 0%&5
"%'%-*)$;' %$- ,!)";'%& X4. .%"E$%)* #$& 8  !-- 7!--  !" 34 )H-.%&%-
J%0!-;'%5I**!;7%- ,F'&%-T
TFT C C . . . C C D C D . . .
TFT C C . . . C D︸︷︷︸
Fehler
C D C . . .
• K%& =*&%-.%T S8 = (1, 0, 0, 0) ? !"#A+&$/
2$- =E$%)%& /$*  %& +&$/5=*&!*%.$% #$& 7((E%&$%&%-8 "()!-.% "%$- +%.5
-%& %>%-,!))" 7((E%&$%&*1 =E$%)* !>%&  %& +%.-%& !4;' -4& %$-/!) K%5
,%7*8  !-- "E$%)*  %& +&$/5=E$%)%& 0(-  $%"%/ X%$*E4-7* !- -4& -(;'
K1 Y'-)$;' #$% B$* ,(& B!* )H""* "$;' +&$/ !)"( -$;'* 0(- I)) K !4"5
>%4*%-8  $% +&$/5=*&!*%.$% &%!.$%&* !))%& $-." -(;' "%-"$>)%& !4, O%')%&
 
 !"# $%&' ()*+) ,-./' 012# /34 2)*+)4/354)67) 86/94:;+*96)6 $<&' $=>& ?67 $=@&
ZZ
 !"# $!%&!'!#()"*'!& +"*'(,--.!%"!%!# /!& 0!1#!%& 2"%/ $-# 0%"3 45%
/!# 6!&( /!& 7."!)& #"*'( $!%8"!'!#9
• :!% ;%<13<("&*'!= S9 = (1, 0, 0, 1) > !"#$"? ;<$)-$
:"! 7(%<(!1"! ;<$)-$ ,--.!%"!%( /<##@ 2!## 3<# "# /!% A-%%B#/! !#( 
2!/!% /"! CB&8<')B#1 6 -/!% ; !%'<)(!# '<(  /"!& &*'!"#( 8B#D*'&(
!(2<& &!)(&<3 8B &!"#9 E-)1!#/! FG!%)!1B#1 8!"1(@ /<&& ;<$)-$ /B%*' 
<B& !"#! &"##$-))! 7(%<(!1"! &!"# ,<##=
H%/#!( 3<# /"! 3I1)"*'!# CB&8<')B#1!# /!% 6!"'! #<*'@ &- !%'D)(
3<# JK6K;K79 L!## 3<# /"! CB&8<')B#1!# J -/!% 6 !%'D)(@ /<##
,<## 3<# /B%*'<B& 8B4%"!/!# &!"# B#/ /!&'<)G G!" /!% G"&'!%"1!# 7(%< 
(!1"! G)!"G!#@ /<& '!"ß( G!" J 2!"(!%'"# :!4!,( 8B &."!)!# B#/ G!" 6
2!"(!%'"# 8B ,--.!%"!%!#9 N!,-33( 3<# #B% !"#! CB&8<')B#1 $-# ;
-/!% 1<% 7@ /<## ,I##(! 3<# $!%&B*'!#@ /!# #D*'&(!# OB1 <#/!%& 8B
&."!)!#@ <)&- "3 E<)) $-# 7 #B# :!4!,( 8B &."!)!# B#/ "3 E<)) $-# ; #B#
8B ,--.!%"!%!#9 :"!&! P2"# &(<Q@ )-&! &'"4(P J<,(", "&( 1!#<B /"! ;<$)-$ 
7(%<(!1"!9
R3 A!%1)!"*' 8B J"( 4-% J<( B#/ 0%"3 '<( ;<$)-$ /!# A-%(!")@ /<&& !& S"1!#&*'<4(!# $-#
;<$)-$E!')!% 1!1!# &"*' &!)G&( %!)<("$ &*'#!)) ,-%%"1"!%(=
Pavlov C C . . . C C D C C C . . .
Pavlov C C . . . C D︸︷︷︸
Fehler
D C C C . . .
L!## 3<# E!')!% 8B)D&&(@ /<## &."!)( ;<$)-$ <B*' 1!1!# C)) T &!'%
!%4-)1%!"*'@ /!## /B%*' !"#!# $!%&!'!#()"*'!# OB1 ,<## 3<# "# !"#!
7"(B<("-# ,-33!#@ "# /!% C)) T <B&1!#B(8( 2"%/=
AllC C C . . . C C C C C . . .
Pavlov C C . . . C D︸︷︷︸
Fehler
D D D . . .
R3 /"%!,(!# A!%1)!"*' 1!1!# C)) : '<( ;<$)-$ <))!%/"#1& ,!"#! T'<#*!9
;<$)-$ 2"%/ "33!% B#8B4%"!/!# &!"#! 7(%<(!1"! 2!*'&!)# B#/ "# U!/!3
82!"(!# OB1 $-# C)) : <B&1!#B(8( 2!%/!#9
AllD D D D D D . . .
Pavlov C D C D C . . .
V!"ß( /<& <G!% <B*'@ /<&& C)) : "# !"#! %!"#! ;<$)-$ ;-.B)<("-# !"# 
/%"#1!# ,<##W 7."!)( !"# ;<$)-$ 7."!)!% 1!1!# &"*' &!)G&(@ &- !%'D)( !%
.%- 6B#/! /"! CB&8<')B#1 6XG *@ &."!)( !% 1!1!# C)) :@ /<## $!%)"!%(
!% /B%*'&*'#"(()"*'  
c
2 .%- 6B#/! >Y-&(!# * "# U!/!% 82!"(!# 6B#/!?9 :<
!"# C)) : 7."!)!% 1!1!# &"*' &!)G&( /"! CB&8<')B#1 ;XZ !%'D)(@ !%'<)(!#
[\
 !" #$%&'()' *+,-./%+(&,0.1"!23
AllD Pavlov
AllD 0 b2
Pavlov − c2 b− c
45" )!',', 678!'%6 !,1 )., 71".1'&!'8.." 9:.;%$;<:.;%$;= &'(.+ ).((
'!( ,1"!>1', ?.,/@A%'!B/&' !B/1<  '(( b− c > b2 &!%1C D'(( .%,$ b > 2c
'"#5%%1 !,1< ).(( !,1 :.;%$; '!( ';$%+1!$(E" ,1.F!%', A%'!B/&' !B/1 +()
*%% G >.(( (!B/1 '!()"!(&'(C
 
 ! "##$%&'# ()* +$, -.'+'*%/01' 2'($#3'#'#+.4
0'&&$
D!" 05,,'( (+( >$(>"'1!,!'"'(< (.B/  '%B/'0 H$)+, ).,  !')'"/$%1' A'@
#.(&'('()!%'00. .F%.+#'( ,$%%C I!('( 4.%% >J(('(  !" ).F'! ;$( ;$"(/'"'!(
.+,,B/%!'ß'(3
 !"!#$%&' ( 9L'>.((1' *(-./% ;$( M+()'(=
?'/0'(  !" .(< ).,, ;$" )'0 78!'% ;'"'!(F."1  !")<  !';!'%' M+()'( &',8!'%1L'>.((1' *(-./% ;$(
M+()'(  '")'(C *(&'($00'(  !" F'ﬁ()'( +(, ).(( F'"'!1, !( )'" %'1-1'( M+()'C
D'%B/'( O+& ,$%%1' 0.( ,8!'%'(<  '(( 0.( ,'!('( :.P$ﬀ 0.2!0!'"'(  !%%R
G. 0.( (+" ($B/ '!(' M+()' -+ ,8!'%'( /.1< !,1 0.( '!&'(1%!B/  !')'" !0
4.%% )', '!(#.B/'( A'#.(&'('(@G!%'00., @ 0.( 0+,, ,!B/ S. !( )'" %'1-1'(
M+()' (!B/1 0'/" +0 ,'!('( M+# >500'"(C G',/.%F !,1 ', .0 F',1'(< G'#'>1
-+ ,8!'%'(C G'" A'&('"  !") ', .F'" .+, )'( &%'!B/'( A"5()'( +(1'"%.,,'(
!( )'" %'1-1'( M+()' -+ >$$8'"!'"'(C
G.)+"B/  !") .%,$ )!' ;$"%'1-1' M+()' -+" %'1-1'( M+()'< !( )'" 0.( ,!B/
#"'! #5" '!(' *%1'"(.1!;' '(1,B/'!)'( >.((C G. !( )'" %'1-1'( M+()' $/('/!(
9G<G= &',8!'%1  !")< F".+B/1 0.( ,!B/ .+B/ /!'" (!B/1 0'/" +0 ,'!(' M'8+@
1.1!$( -+ >500'"(C H.(  !") .%,$ '!(#.B/ ).(.B/ 1".B/1'(< !( )!','" M+()'
F',10J&%!B/ .F-+,B/('!)'( +() #$%&%!B/ G ,8!'%'(C G'" A'&('"  !") (.15"%!B/
)., A%'!B/' 1+(C T( )'0 0.( )!',' UF'"%'&+(& (+( #5" .%%' M+()'( F!, /!(
-+" '",1'( M+()'  !')'"/$%1 9 !"#$!%& '(&)"*'+(=< '"/E%1 0.(< ).,, !( S')'"
M+()' G'#'>1 &',8!'%1  !")C
T,1 .%,$ ,B/$( ;$( ;$"(/'"'!( F'>.((1<  .(( )!' %'1-1' M+()' !,1< ).((  !")*%1'"(.1!;'( -+
>$(,1.(1'" *(-./%
;$( M+()'(
'!( ".1!$(.%'" 78!'%'" *%% G ,8!'%'(C I, &!F1 - '! HJ&%!B/>'!1'(< )!','0 4.%%
.+, )'0 D'& -+ &'/'(3
VC H.(  '!ß (!' 0!1 7!B/'"/'!1< $F )!' .>1+'%%' M+()' F'"'!1, )!' %'1-1'
!,1< )'(( ', &!F1 !00'" '!(' 8$,!1!;' D./",B/'!(%!B/>'!1 w #5" '!('
 
 !" #$%&$"$ '()*"+,&%*($( -." /&",&$0%$ 1,23*2 4%$5$ 678
WX
 !"#$%& '( )&
 
*+ ,-$ ./0&1 203) ( & )10"# 45% 20&)&3#41%6 &$ 708% -1$4 7-3 9&0 & 1&%:%&
'( )& ;)-$ & %$/30"#% )&< =3& :5-11 w = 1>
?$% &0 &3 )0&$&3 @&)0 7( 7& &35A11% ( ) 701% 0< &3$%& B-116 )-$$ )0& C-#3D
$"#&0 10"#9&0% 5A3 &0 &  !"#$%& '( )& 734ß 7& (7 0$%6 )-  :&07% )-$ 20&)&3D
#41%& =&5- 7& & )01&<<- )4"#  4"# &0 0 %&3&$$- %&$ F&3#-1%& G
 !"!#$%&' ( ;H0"#%&I0$%& : &0 &3 8&$%& .%3-%&70&>
J$ 708% 9&0 & .%3-%&70&6 )0& 0<<&3 )0& 8&$%& 0$%6 ( -8#! 707 )-K4 6 2-$ )&3 H0"#%&I0$%& : &0 &3
8&$%& .%3-%&70&- )&3& %(%+ ,&  2&  )&3 - )&3& ./0&1&3 L11 M $/0&1%6 )-  0$% L11 , )0&
8&$%& L %243%+
./0&1% )&3 =&7& $/0&1&3 N&)4"# =30<6 )-  &3#!1% &0 L11 , ./0&1&3 &0 & L($D
:-#1( 7 K4 b + 0 + 0 + 0 + . . . = b+ ?$% w 734ß 7& (76 )-  2!3& &$ 8&$D
$&36 0 )0&$&3 .0%(-%04 L11 M :( $/0&1& 6 )&  )-$ 830 7% &0 & O-P4ﬀ K4 
(b− c) + w(b− c) + w2(b− c) + . . . = b−c1−w ( )
b−c
1−w > b6 2&  w >
c
b
+
!
? )&3 2&0%&3& B417& 2&3)& 203 K4< :2&0%& B-11 -($7&#& G C03 2&3)& @&$"#3! 9( 7 -(5
∞DK0&1& '( )& -  &#<& 6 )-$$ )-$ ./0&1 ( & )10"# 45% 20&)&3#41% 203)+ ,&3 =3( ) )-5A3
0$% $"#10"#% ( ) &0 5-"# )0& 1&0"#%&3& @&3&"#& 8-39&0%G R(< &0 & 9-  <- 
)-  #4ﬀ& 6 )-$$ )&3 J0 ﬂ($$ )&$ &3$%& R(7&$ K&3 -"#1!$$07% 2&3)& 9-  +
T- #-% )-  -1$4 &0 & )&3 5A 5 (3$/3A 710"#& F-30-81& &10<0 0&3%+ R(<
- )&3& 9-  <- &$ $4<0% -("# K&3#0 )&3 6 )-$$ )&3 :($!%:10"#& O-3-<&%&3
w #0 :(94<<%+
 !" #$%&$'()*+ ,$% -'((&$%$* .)/012&)*+
C03 2411& #&3-($ﬁ )& 6 20& #4"# )0& <0%%1&3& L($:-#1( 7 0$%6 2&  :2&0
./0&1&3 ( & )10"# 45% 7&7& &0 - )&3 $/0&1& + ,-:( 0$% &$ $0  K4116 $0"# :(&3$%
)-3A8&3 =&)- 9& :( <-"#& 20& )&3 ."#30%% K4 &0 &3 '( )& :(3  !"#$%& 
K&31!(5%+
L 7& 4<<& 6 0"# $/0&1& <0% )&3 .%3-%&70& (y, pR, pS , pT , pP ) 7&7& &0 & V&31&0%( 7
W8&37- 7$<-%30I./0&1&3 <0% )&3 .%3-%&70& (y′, p′R, p
′
S , p
′
T , p
′
P ) ( )  &#<& 203 2&0%&3 - 6 0 
)&3 1&%:%& '( )& #-8& 0"# )0& L($:-#1( 7 . &3#-1%& + ?"# 2(3)& -1$4 -($7&D
 (%:% ( ) <&0 =&7 &3 #-% )0& L($:-#1( 7 X &3#-1%& + C&1"#& L($:-#1( 7
2&3)& 0"# )-  0 )&3  !"#$%& '( )& &3#-1%& Y
?"# &3#-1%& )0& L($:-#1( 7
 
 !" #$%&'())!$* %$++* +'% ,&* '%- .'// w 0,%/*'%* $/*1 2!'3$/*$/()!" 45"! !/ 4,)3
'%67%!)+!%- .'// .$! 8')"/()!$%3$()0!$* +$* 67%!)+!%.!" 27%.!%'%6')3 &533* 9 67+
:!$/;$!3 4!$3 .$! <;$!3!" $++!" 53*!" 4!".!%1
!
=>31 ?@AB
*Z
•  ! "#$$ %&"&'( )*' +,#(#-.$/# 0.',%*'#)$()*'1#)/ pS2 .(% .3*' 4#)$
5#6$#, +,#(#-.$/# 0.',%*'#)$()*'1#)/ p′T 2 1&&7#,)#,#$! .(%& 4)/ #)$#,
0.',%*'#)$()*'1#)/ -&$ pS · p
′
T 8
• 9! "#$$ )*' 1&&7#,)#,# 3$: 4#)$ 5#6$#, 4)*' ")#:#, .3%$3/;/8 <)#
0.',%*'#)$()*'1#)/ =#/,>6/ pS · (1− p
′
T )
• ?! "#$$ )*' 4#)$#$ 1&&7#,)#,#$:#$ 5#6$#, 4)/ 0.',%*'#)$()*'1#)/
(1− pS) · p
′
T .3%$@/;#
• A! "#$$ "), =#):# $)*'/ 1&&7#,)#,#$! .(%& 4)/ 0.',%*'#)$()*'1#)/
(1− pS) · (1− p
′
T )
B$.(&6 1.$$ 4.$ :)# C&(6#".',%*'#)$()*'1#)/#$ =#,#*'$#$! "#$$ )*' )$ :#,
D&,,3$:# :)# B3%;.'(3$6  ! ? &:#, A #,'.(/#$ '.=#8 <)#%# 0#,/# 1.$$ 4.$
:.$$ )$ #)$#, E./,)F ;3%.44#$G.%%#$8
 !ﬁ#$%$&# ' +H=#,6.$6%4./,)F2
 !" #$%&"'(" )*)+,-./!* Q = (qij) 0"!ß. 23"/&-'&45-./!*6H=#,6.$6%4./,)F
R S T P
R pR · p
′
R pR · (1− p
′
R) (1− pR) · p
′
R (1− pR) · (1− p
′
R)
S pS · p
′
T pS · (1− p
′
T ) (1− pS) · p
′
T (1− pS) · (1− p
′
T )
T pT · p
′
S pT · (1− p
′
S) (1− pT ) · p
′
S (1− pT ) · (1− p
′
S)
P pP · p
′
P pP · (1− p
′
P ) (1− pP ) · p
′
P (1− pP ) · (1− p
′
P )
+I8J2
78/ i, j ∈ {R,S, T, P} &!3. ("/ 9!'./-& -' ("/ :."%%" ;!<=> (!" ?-0/4@0"!'%!@0+
A"!. -'< !' ("/ 'B@04."' CD'(" (!" ED4F-0%D'& = FD "/0-%."'< G"'' 5-' !'
("/ H$/!&"' CD'(" (!" ED4F-0%D'& ! "/0-%."' 0-. ; !" I"!%"' 3"F"!@0'"' -%4$
("' ID4.-'( ("/ H$/!&"' CD'("< (!" :J-%."' ("' ID4.-'( ("/ A$55"'("'
CD'(">K
9#) x = (yy′, y(1−y′), (1−y)y′, (1−y)(1−y′)) :#, D#1/&, :#, .$6)=/! 4)/ "#(K0.',%*'#)$()*'1#)/
:#, L3%/>$:#
 !9!?!A
*'#, 0.',%*'#)$()*'1#)/ 4.$ %)*' )$ :#, 9/.,/,3$:# M )$ #)$#4 :#, L3%/>$:#
 ! 9! ? &:#, A =#ﬁ$:#/8 C@, :)# $>*'%/#  3$:# #,'>(/ 4.$ :)# #$/%7,#K
*'#$:#$ 0.',%*'#)$()*'1#)/#$! )$:#4 4.$ :#$ D#1/&, F 4)/ :#, E./,)F O
43(/)7();)#,/! .(%& x ·Q =)(:#/8 0#$$ 4.$ :)#%#$ D&,6.$6 ")#:#,'&(/! #,'>(/
4.$P <)# 0.',%*'#)$()*'1#)/! :.%% 4.$ %)*' )$ :#, $K/#$  3$:# )$ #)$#4 :#,
L3%/>$:#  ! 9! ? 3$: A =#ﬁ$:#/! )%/ :3,*' x ·Qn 6#6#=#$8
(!)!*+,#- . +Q)6#$%*'.G/#$ :#, H=#,6.$6%4./,)F2
<. :)# L.'(#$ pi =;"8 p
′
j )4 R$/#,-.(( SM!JT ()#6#$! './ :)# H=#,6.$6%4./,)FQ)6#$%*'.G/#$ :#,
H=#,6.$6%4./,)F #=#$G.((% $3, Q)$/,>6# )4 R$/#,-.(( SM!JT8 <)# L#)(#$%344# )%/ U#"#)(%
pip
′
j + pi(1− p
′
j) + (1− pi)p
′
j + (1− pi)(1− p
′
j) =
= pi(p
′
j + 1− p
′
j) + (1− pi)(p
′
j + 1− p
′
j) = 18
IV
 !" #$%%&% %'% (!& )*&+"!& (&" ,-"#+.#&//&% -'0 (!&1& ,-/"!2 -%3&%(&%4 )*&+"!& (&"
,-"#+.#&//&% &%% 5 (!& ,!16*'%71&!7&%16*-0/ *-/ 8(-1 *&!ß/: &1 &2!1/!&"/ &!% ;: 1+(-11
-<<& =!%/">7& .+% QN 1/"!#/ ?+1!/!. 1!%(@: (-%% 7!A/ &1 &!%& B'7&*$"!7& 1/-C
/!+%>"& D&"/&!<'%7 π4 E!&1& D&"/&!<'%7 *-/ 0+<7&%(& =!7&%16*-0/&%F
• π·Q = π: (-1 *&!ß/ (!&  -*"16*&!%<!6*#&!/&% 0G" (!& &!%B&<%&% H'1/>%(&
>%(&"% 1!6* %!6*/ I&*" !% (&" H&!/
•  &%% !6* I!/ &!%&" A&<!&A!7&% J/-"/.&"/&!<'%7 x 1/-"/&: (-%% #+%.&"C
7!&"/ (!& D&"/&!<'%7 7&7&% π: 7&%-'&"F limn→∞ x ·Q
n = π
E-I!/ 1!%( 3!" %'% !% (&" K-7&: I&!%& I!//<&"& L'1B-*<'%7 B' A&"&6*%&%4 I!//<&"& L'1B-*<'%7
J&! (-B' L8#@ I&!%& L'1B-*<'%7 !% (&" #C/&% M'%(&4 J!& !1/ 7&7&A&% ('"6*
A(k) = R · (xQk)1 + S · (xQ
k)2 + T · (xQ
k)3 + P · (xQ
k)4 = g · xQ
k
8N4N@
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2
0
b−2c
2
b−2c
2
b−2c
2
b−2c
2
b − c−c
−c 0
b − c−c
−c −c
b − c b − c
b − c 0
b − c b − c
b − c b − c
b − c−c
b − c 0
b − c −c
b − c b − c
!"#!"#
!"#  
b − c b − c
b − c b − c
S15
−c−c
−c−c
−c−c
−c−c
b−2c
2
b−2c
2
b−2c
2
b−2c
2
b−2c
2
b−2c
2
b−2c
2
b−2c
2
−c−c
−c−c
−c−c
−c−c
b−2c
2
b−2c
2
b−2c
2
b−2c
2
b−2c
2
b−2c
2
b−2c
2
b−2c
2
b − c−c
−c −c
b − c −c
−c b − c
b − c b − c
b − c b − c
b − c b − c
b − c b − c
b − c−c
b − c−c
b − c −c
b − c b − c
b − c b − c
b − c b − c
!"#!"#
!"#!"#


 !!"#$%&' ()*+ ,"-%#./&01 23&/."3&45/-0+ ,6"0# 37&0 807#09
:
;
 !" #$"%$& '()*$" +,-. /,'0+.1,&2'3+*"!0$& 45" 6(!$1$ 3!* 7$.1$"& .$"8 /,'0+.1,&2 45"
6(!$1$ 3!* 7$.1$"&1$!*$&9 :& %!$'$3 7+11 .+* %!$ ;<$"2+&2'3+*"!= > ?4* '?2+" %!$ @,"-.3!8
'-.,&2'$!2$&'-.+4* ,&% %!$ 7?"3$1 45" %!$ 3!**1$"$ /,'0+.1,&2 2$3)ß BC9DE
1)''* '!-. &?-. #$!*$" F$"$!&4+-.$&G @!$ $"'*$& H1!$%$" !& %$" 6,33$ BC9DE
'(!$1$& 45" %$& I!3$' J$!&$ K?11$ ,&% <$! %$& '()*$"$& H1!$%$" J?&F$"2!$"*
(x ·Qk) +&&+.3$2$3)ß 2$2$& %$& '*+*!?&)"$& L$J*?" π9 :&'2$'+3* !'* +1'?
!& %!$'$3 7+11 3$!&$ 3!**1$"$ /,'0+.1,&2 2$2$<$& %,"-.
A¯ = Rπ1 + Sπ2 + Tπ3 + Pπ4 = g · π BC9ME
 !"#$"%!&$'$ "()$*+ &,!! &)$ -+,'+.$'+$)*/!0 x /!& &,1)+ ,/23 &$' 4,',1$5
+$' y 67' 1$)!$! 8/0 )! &$' -+,'+'/!&$ 9$)!$ :%**$;
 !" #$%&' ()' *&+,&$'
<)$"$ =$+3%&$ 1>23+$! ?)' !/! ,/6 -()$*$ 1)+ @$3*$'! ,!?$!&$!; A$.%' ?)' B'+$! .%! @$3*$'!
&)$" +/! 9>!!$!C 17""$! ?)' /!" D$&%23 E/$'"+ 7#$'*$0$!C ?$*23$ B'+$! .%!
@$3*$'! $" 0)#+ /!& ?)$ ")$ &)$ -+',+$0)$! #$$)!ﬂ/""$!;
8/!G23"+ 9>!!+$ $" $)!1,* (,"")$'$!C &,"" ?)' E?,' #$,#")23+)0$! E/ 9%%($5 @$3*$' )! &$'
 1(*$1$!+)$'/!0')$'$! #E?; E/ &$6$9+)$'$!C ,#$' 1)+ $)!$' 0$?)""$! H9*$)!$!I J,3'"23$)!5
*)239$)+ ε 0$!,/ &," @,*"23$ +/!; <," 3$)ß+C 3,+ 1,! )! &$' L%''/!&$ &)$
B/"E,3*/!0 : $'3,*+$!C &,!! )"+ &)$ J,3'"23$)!*)239$)+ +,+"G23*)23 E/ 9%5
%($')$'$! "+,++ pR D$+E+
(1− ε)pR︸ ︷︷ ︸
Wollte eigentlich kooperieren
+ ε(1− pR)︸ ︷︷ ︸
Wollte D spielen
= pR − 2εpR + ǫ
<)$"$ B'+ .%! @$3*$' !$!!$! ?)' @$3*$' )! &$'  1(*$1$!+)$'/!0; M' #$?)'9+C
&,"" E/' -+',+$0)$ (pR, pS , pT , pP ) 6%*0$!&$' @$3*$'+$'1 3)!E/9%11+N
ε(1− 2pR, 1− 2pS , 1− 2pT , 1− 2pP ) HO;PI
J$)+$'" 9>!!+$ 1,! #$'729")23+)0$!C &,"" $)! @$3*$' !/' &,!! ,/6+')++C ?$!! @$3*$' #$)
Q%%($',+)%!)23 $)0$!+*)23 9%%($')$'$! ?)**; -% 9,!! $" E/1 A$)"()$* .%'9%11$!C &,""
1)23 $)! @'$/!& /1 1$)!$ R)*6$ #)++$+ /!& )23 $)0$!+*)23 ,/23 3$*6$! ?7'&$C
,#$' *$)&$' )! &)$"$1 =%1$!+ 9$)!$ 8$)+ 3,#$ H=,! #$,23+$C &,"" ")23 3)$'
9$)! @$3*$' $)!"23*$)23+C ?$!! )23 <$6$9+ "()$*$! ?)** 5 &$!! ?$!! )23 1$)!$1
@'$/!& 0$',&$ !)23+ 3$*6$! ?)**C &,!! +/$ )23 $" $)!6,23 !)23+C 0,!E $0,*C %#
)23 7#$'3,/(+ 8$)+ &,67' 3G++$I;
-%*23$ @$3*$' 673'$! ,*"% &,E/C &,"" ")23 E/1 A$)"()$* 1$)! pR !/' &,!! /1
$)!$! @$3*$'+$'1 κ G!&$'+C 6,**" )23 9%%($')$'$! ?)**;
ST
 !"#$% &'( )' *$+'()##,"+- ."'' &/0 !1+ )&!)! 2)0#)+ ,)%)0)- 3)!! &/0 )&%)!(42)0#)+ ,)& 5)6)7(&$!
#&/0 5)6)7( '8&)#)! 3&##9 :$ 7;!!() )' <1= >)&'8&)# 8"''&)+)!- ."'' &/0 =&(
)&!)+ %)3&'')! ?"0+'/0)&!#&/07)&( λ )&! '/0#)/0()' @)3&'')! ,)7$==) 1!.
'/0#1'')!.#&/0 .$/0 7$$8)+&)+) A3&).)+ &'( ."' )&!) :&(1"(&$!- &! .)+ '&/0
!&/0(' B!.)+( 3)!! &/0 $0!)0&! 7$$8)+&)+( 0B(()C9
>)(+"/0()( ="! .&) ,)&.)! #)(<(%)!"!!()! 2)0#)+"+()! %#)&/0<)&(&%- '$ )+0B#(2)0#)+ &! .)+
D$$8)+"(&$! 1!.
5)6)7(&$!
="! 6$#%)!.)! 2)0#)+*)7($+E
(λ− (κ+ λ)pR, λ− (κ+ λ)pS , λ− (κ+ λ)pT , λ− (κ+ λ)pP ) AF9GC
5&)')+ H)7($+ '()##( '&/0)+- ."'' <1= >)&'8&)# 6I+ pR = 0 A5)6)7(&$!C )&!
2)0#)+()+= *$! λ 0&!<1%)6I%( 3&+. 1!. ."'' 6I+ pR = 1 AD$$8)+"(&$!C .)+
?)+( κ *$! .)+ D$$8)+"(&$!'3"0+'/0)&!#&/07)&( ",%)<$%)! 3&+.9
J&!) "!.)+) 2)0#)+K1)##) ,)'()0( ."+&!- ."'' ="! .)! *$+&%)! L1% .)' @)%42)0#)+ &! .)+
 1ﬀ"''1!% .)'
@)%!)+'
!)+' =&( )&!)+ 7#)&!)! ?"0+'/0)&!#&/07)&( ν 6"#'/0 &!()+8+)(&)+(9 5)+ @)%!)+
7;!!() =&+ <1= >)&'8&)# )(3"' @1()' %)("! 0",)!- ",)+ &/0 0",) ."' 6B#'/04
#&/0)+3)&') "#' N!0;ﬂ&/07)&( *)+'("!.)!9 :$ )&! P&''*)+'(B!.!&' 6I0+( ."<1-
."'' &/0 '("(( .)+ +&/0(&%)! ?"0+'/0)&!#&/07)&( pR !1+ .&) ?"0+'/0)&!#&/07)&(
pS "!3)!.) A,<39 pP '("(( pT C9 5)+ D$++)7(1+()+= #"1()( "#'$ ,)& 2)0#)+!
&! .)+ Q!()+8+)("(&$! .)' @)%!)+'
ν(pS − pR, pR − pS , pP − pT , pT − pP ) AF9RC
 !"#$% &'( )' !"(I+#&/0 "1/0 *$+'()##,"+- ."'' &/0 =)&!)! )&%)!)! L1% =&( )&42)0#)+ &! .)+
 1ﬀ"''1!% .)'
)&%)!)! L1%)'
!)+ 7#)&!)! ?"0+'/0)&!#&/07)&( µ 6"#'/0 &!()+8+)(&)+)9 :$ 7;!!() &/0 =)&!)=
P&('8&)#)+ )&! @)'/0)!7 %),)! 3$##)!- ",)+ &! ?&+7#&/07)&( +&/0()( .&)')' @)4
'/0)!7 ,)&= P&('8&)#)+ =)0+ :/0".)! "!- "#' )' !I(<(9 :$=&( 0",) &/0 "#'$
&! ?&+7#&/07)&( %"+ !&/0( 7$$8)+&)+(- ",)+ '("(( <9>9 .&) +&/0(&%) ?"0+'/0)&!4
#&/07)&( pT <1 ,)+I/7'&/0(&%)!- *)+3)!.) &/0 pR9 Q!'%)'"=( )+%&,( '&/0 "#'$
,)& 2)0#)+! &! .)+  1ﬀ"''1!% .)' )&%)!)! L1%)' .)+ D$++)7(1+()+=
µ(pT − pR, pP − pS , pR − pT , pS − pP ) AF9STC
?&+ 6"'')! !1! .&) ,)&.)! #)(<(%)!"!!()! 2)0#)+"+()! <1'"==)! 1!. ,)+I/74 ##%)=)&!E 2)0#)+ &!
.)+  1ﬀ"''1!% '&/0(&%)!- ."'' &/0 %#)&/0<)&(&% .)! %)%!)+&'/0)! L1% =&( )&!)+ ?"0+'/0)&!4
#&/07)&( ν 1!. .)! )&%)!)! L1% =&( )&!)+ ?"0+'/0)&!#&/07)&( µ 6"#'/0 &!()+4
8+)(&)+)9 5",)& !)0=)! 3&+ "!- ."'' .&)') 2)0#)+ 1!",0B!%&% *$!)&!"!.)+
8"''&)+)!- ."'' "#'$ .&) ?"0+'/0)&!#&/07)&( .)! @)%!)+ 6"#'/0 <1 *)+'()0)!
7)&!)! J&!ﬂ1'' ."+"16 0"(- $, &/0 =)&!)! )&%)!)! L1% +&/0(&% &!()+8+)(&)+)
1!. 1=%)7)0+(9
 !%)!$==)! 3&+ 0",)! &! .)+ #)(<()! U1!.) ,)&.) 7$$8)+&)+(- .909 &/0 0",)
.&)  1'<"0#1!% U )+0"#()!9 ?&) &!()+8+)(&)+) &/0 .&)') #)(<() U1!.)V
WF
 ! "#$ %&'()*)('%()( +%( ,-&+( .%)/0%#$ 102 3(%+2(%'%4( 566*()1'%6& 7,89
.(&& %#$ 26.6$0 :(%&(& ;-4 102 1-#$ +(& +(2 <(4&()2 )%#$'%4 1-=4(=122'
$13(9 1026 :%' (%&() >1$)2#$(%&0%#$/(%' ?6& (1− ν)(1− µ)
@! "#$ ?().(#$20( &-) +(& ;-4 +(2 <(4&()2 -&+ +(&/( () $1' :%#$ 1-2A
4(&-'B'9 .C$)(&+ %#$ /66*()%()' $13( 7D8 :%' (%&() >1$)2#$(%&0%#$/(%'
?6& ν(1− µ)
E! F%( 3(%+2(%'%4( 566*()1'%6& .%)+ ?6& :%) 102 G-2&-'B(& +(2 <(4&()2
%&'()*)('%()' 7H8! F%( >1$)2#$(%&0%#$/(%' $%()=I) 3(')C4' (1− ν)µ
J! K%' (%&() 2($) /0(%&(& >1$)2#$(%&0%#$/(%' νµ ?().(#$20( %#$ +%( ;I4(
3(%+() L1)'(%(& -&+ +(&/(9 +122 .%) 3(%+( F(=(/' 4(2*%(0' $13(& 7L8!
G&2'1'' :%' +() )%#$'%4(& >1$)2#$(%&0%#$/(%' pR B- /66*()%()(&9 ?().(&+(
%#$ +1$() +%( >1$)2#$(%&0%#$/(%'
(1− ν)(1− µ)pR + ν(1− µ)pS + (1− ν)µpT + νµpP
MI$)' :1& +%( 40(%#$(& N3()0(4-&4(& =I) +%( MC00( +-)#$9 +122 %#$ %& +()
O6))-&+( +%( G-2B1$0-&4(& D9 H 6+() L ()$10'(& $13(9 ()$C0' :1& 102 56)A
)(/'-)'(): +(& O(/'6)P


pR
pS
pT
pP


T
·


−ν − µ+ νµ ν − νµ µ− νµ νµ
ν − νµ −ν − µ+ νµ νµ µ− νµ
µ− νµ νµ −ν − µ+ νµ ν − νµ
νµ µ− µν ν − νµ −ν − µ+ νµ

  !"##$
 !" #$% &'()*+,'-.(/*01$2 341 5$%6%1+7,0% 89$%,%
/$0 :%+,%1-
>%) $13(& &-& 100( <)-&+014(&9 -: +%( G-2B1$0-&42:1')%Q =I) +12 .%(+()A G-2B1$0-&42:1')%Q
=I) +12 +6&1'%6&
41:(
$60'( F6&1'%6& <1:( :%' M($0()& B- 3()(#$&(&P G-2 +(: 51*%'(0 @!J .%22(&
.%)9 .%( 2%#$ +() O(/'6) (pR, pS , pT , pP ) C&+()'9 .(&& %#$ M($0() 3()I#/2%#$A
'%4( -&+ :%' R%0=( ?6& 51*%'(0 @!E /S&&(& .%) +1&& +%( :%''0()( G-2B1$0-&4
3()(#$&(&9 .(&& +%(2( D')1'(4%( 4(4(& (%&(& =(2'(& <(4&() 2*%(0'! "#$ :S#$'(
+%( O6)41&42.(%2( 1&$1&+ (%&(2 T(%2*%(02 B-21::(&=122(&P
 !"#$"!% & 7K%''0()( G-2B1$0-&4 ?6& <)%: 4(4(& H%' =6) H1'8
G&4(&6::(& .%) $13(& (2 :%' M($0()& %& +() ":*0(:(&'%()-&4 B- '-&! F1A <)%: ?2! HMH
+-)#$ .%)+ <)%:9 S8 = (1, 0, 0, 0) B- S8(ε) = (1 − ε, ε, ε, ε)9 .(&& :1&
+(& 56))(/'-)'(): 7@!U8 3()I#/2%#$'%4'! G&1064 .%)+ 1-2 HMH S10(ε) =
(1− ε, ε, 1− ε, ε)!
EE
 !"#$ %&''(' )#* '+' ,#( -.(*/!'/0"!$*#1 2 )#( #' 34567 .(*(89'(':
Q =


(1− ε)2 (1− ε)ε ε(1− ε) ε2
ε(1− ε) ε2 (1− ε)2 (1− ε)ε
ε2 ε(1− ε) (1− ε)ε (1− ε)2
ε2 ε(1− ε) (1− ε)ε (1− ε)2


;<* ε > 0 9!$ 2 ,#(  +*89"#089+'/0(#/('089!=$> ,('' .(*(#$0 !??( @#'$*A/(
BC' 2 0#', /*&ß(* !?0 E5 F#( #' G!H#$(? 45I 0+89(' )#* J($K$ ,(' L(%$C* π(ε)
"#$
π(ε)Q = π(ε) 345647
 !K+ K(*?(/(' )#* 2 #' ,#( ;C*"
Q(ε) = Q0 + εQ1 + ε
2Q2 3456I7
)C.(#
Q0 =


1 0 0 0
0 0 1 0
0 0 0 1
0 0 0 1


Q1 =


−2 1 1 0
1 0 −2 1
0 1 1 −2
0 1 1 −2


Q2 =


1 −1 −1 1
−1 1 1 −1
1 −1 −1 1
1 −1 −1 1


F#* "!89(' =<* π(ε) ,(' M'0!$K:
π(ε) = π + εx+ ε2y + . . . 3456N7
O($K$ "!' 3456N7 +', 3456I7 #' 345647 (#'> ,!'' (*9A?$ "!'
(π + εx+ ε2y + . . .)(Q0 + εQ1 + ε
2Q2) = π + εx+ ε
2y + . . . 3456P7
Q+?$#H?#K#(*$ "!' ,#(0( R?(#89+'/ !+0 +', =!00$ ,#( εST(*"( K+0!""('> 0C
(*9A?$ "!' =C?/(',(0 ?#'(!*(0 R?(#89+'/00U0$(":
ε0 : πQ0 = π
ε1 : xQ0 + πQ1 = x
ε2 : . . .
3456V7
IN
 !"#$%&'() "'*+ *,() +'- .,&/-*+-* %0-' 1-"$2'3$',*-* %! 4-5()$-*6
π1 + π2 + π3 + π4 = 1
x1 + x2 + x3 + x4 = 0
789:;<
0,4-' πi !*+ xi +'- =,>?,*-*$-* +-" @-3$,2" π !*+ x '* +-2 A52"$-&&!*/
B,* π(ε) '* 789:C< "'*+9 A'- -2"$- 1-"$2'3$',* "$-&&$ "'()-2D +5"" π(ε) 5!()
.E2 ε = 0 -'*- F#!ﬁ/3-'$"B-2$-'&!*/ +52"$-&&$9 A'- %0-'$- H-+'*/!*/ .E)2$
+5%!D +5"" π(ε) -'*- F#!ﬁ/3-'$"B-2$-'&!*/ 4&-'4$D 0-** 0'2 &'*-52- I-2>- '*
ε %!&5""-*9
JK"$ >5* +'- L&-'()!*/-* 789:M< !*+ 789:;< *5() π !*+ N 5!.D ", -2)#&$ >5*
5&" JK"!*/6
π = (0, 0, 0, 1)
x = (1, 1, 2,−4)
789:O<
P*"/-"5>$ )54-* 0'2 +5>'$ π(ε) = (ε, ε, 2ε, 1−4ε)+O (ε2) -2)5&$-*9 @-20-*Q
+-$ >5* +'-"-" π(ε) '* 789M< !*+ 4-2E(3"'()$'/$ >5*D +5"" .E2 +5" A,*5$',*
L5>- {R,S, T, P} = {b− c,−c, b, 0} /'&$D +5** -2)#&$ >5* 5&" >'$$&-2- R!"Q
%5)&!*/ -'*-" L2'>QS?'-&-2" /-/-* I'$ .,2 I5$6
A¯ = (b− c)ε− cε+ 2bε = ε(3b− 2c)
A'-"-" H-'"?'-& %-'/$ .,&/-*+-"6 P*$-2?2-$5$',* +-"
H-'"?'-&"
:9 J#""$ >5* +-* T-)&-2 ε /-/-* U /-)-*D +5** 4-3,>>$ L2'> /-/-* I'$
.,2 I5$ *!2 +'- R!"%5)&!*/ U9 A5" 4-"$#$'/$ !*"-2- B,2)-2'/-* V4-2Q
&-/!*/-*D +5"" L2'> !*+ I'$ .,2 I5$ "-)2 "-*"'4-& 5!. T-)&-2 2-5/'-Q
2-*6 S-&4"$ 0-** 5> R*.5*/ 4-'+- 3,,?-2'-2-*D 0'2+ >'$ -'*-2 3&-'*-*
W5)2"()-'*&'()3-'$ ε '2/-*+05** -'* T-)&-2 ?5""'-2-* !*+ 5*"()&'-ß-*+
0-2+-* 4-'+- S$25$-/'-* *!2 *,() A "?'-&-*9 Y> +5** 0'-+-2 '* +-*
 !"$5*+ 1Z7[D[< %!2E(3%!3,>>-*D >E""$-* 4-'+- S$25$-/'-* %!2 /&-'Q
()-*  -'$ -'*-* T-)&-2 4-/-)-*D !*+ +5" )5$ *!2 +'- B-2"()0'*+-*+
/-2'*/- W5)2"()-'*&'()3-'$ ε29
89 W-** L2'> +2-'>5& -'*- H-&,)*!*/ 4-3,>>$D +5** )-'ß$ +5"D +5""
I'$ .,2 I5$ +2-'>5& +'- =,"$-* ( /-$25/-* )5$9 R*5&,/ 4-3,>>$ I'$
.,2 I5$ %0-'>5& -'*- H-&,)*!*/ 4 0-** L2'> %0-'>5& ( 4-%5)&$9 I'$
.,2 I5$ 4-3,>>$ 5&", /-/-* L2'> -'*- R!"%5)&!*/ B,* ε(2b− 3c)D +5"
)-'ß$ -" /'4$ -'*- /-0'""- S\>>-$2'- '* +-* R!"%5)&!*/-*9
]^
 !"#$ %$&'()(# *+(( ,+( ()( +(+-.# /01 $"( 23"$- 45"6&'$( 45$" !$-"$!"#$(7)64+'-)(#6,+81"9
:$1 ;< Si 281+8$#"$( 281+8$#"$( :)1&'/0'1$(= >"$ ?1#$!("66$ /01 @$'-$1 "( :$1 A,3-$,$(8"$1)(#
6"(: "( /.-#$(:$( 45$" B+!$--$( +(#$/0'18
 
C
>"$6$ B+!$--$( 6"(: 5"$ /.-#8 4) -$6$(C A(8$1$66"$18 ,+( 6"&' 4), D$"63"$- /017(-$"8)(# 4), E$6$(
:$1 B+!$--$( :"$ 7)64+'-)(# $"($6 F1",G23"$-$16 #$#$( $"($( B"8G/.1GB+8G23"$-$1H 6. 6)&'8
,+( 4)(I&'68 "( :$1 $168$( B+!$--$ :$( ?"(81+# "( :$1 J$"-$ /01 S8 )(: "(
:$1 23+-8$ S10= >$1 K$18 L +( :"$6$1 28$--$ !$6+#8H :+66 :$1 F1",G23"$-$1 :"$
7)64+'-)(# L $1'I-8H /+--6 :$1 @$'-$1 ε #$#$( L #$'8=
7(6&'-"$ß$(: !$81+&'8$8 ,+( :$(6$-!$( ?"(81+# "( :$1 45$"8$( B+!$--$= >$1
K$18 3b− 2c !$6+#8H :+66 :"$ 7)64+'-)(# N.( F1", #$#$( B@B ,"8 68$"#$(G
:$1 @$'-$15+'16&'$"(-"&'*$"8 31.3.18".(+- 4) 3b− 2c 5I&'68=!
A(6#$6+,8 !$*.,,8 F1", #$#$( B@B +-6. $"($ 7)64+'-)(# N.( 0+ε(3b−2c)=
 /8 -+66$( 6"&' :"$ ?"(81I#$ "( :"$6$( O+81"4$( +)&' "(8)"8"N '$1-$"8$(= D$G7(6&'+)-"&'$
P$1-$"8)(# N.(
?"(81I#$(
81+&'8$( 5"1 4), D$"63"$- :"$ 7)64+'-)(# $"($6 F1",G23"$-$16 #$#$( 6"&'
6$-!68H 0 + 32(b − c)ε= >$1 *.(68+(8$ 7(8$"- L !$68I8"#8H :+66 6"&' :"$ !$":$(
4),$"68 ", J)68+(: Q>H>R !$ﬁ(:$( G :$(( 6$-!68 5$(( !$":$ +(/+(#6 *.G
.3$1"$1$(H 5"1: "1#$(:5+(( N$16$'$(8-"&' > #$63"$-8 )(: +! :.18 :$/$*8"$1$(
!$":$ QJ)1 ?1"(($1)(#C ?"( 23"$-$1 ,"8 :$1 281+8$#"$ F1", *..3$1"$18 T+ ()1H
5$(( 6.5.'- $1 6$-!68 +-6 +)&' 6$"( F$#$(63"$-$1 "( :$1 U.11)(:$ *..3$1"$18
'+!$(=R
D$ﬁ(:$( 6"&' :"$ 23"$-$1 +!$1 ()( "( :$1 V'+6$ 5. !$":$ > 63"$-$(H 6. *+((
$6 5"$:$1), 3+66"$1$(H :+66 $"( 23"$-$1 ,"8 :$1 K+'16&'$"(-"&'*$"8 ε N$16$G
'$(8-"&' :.&' *..3$1"$18= ?1 5"1: :+(( :"$ W.68$( N.( G& 4) 81+#$( '+!$(H
6$"( F$#$(63"$-$1 *+(( 6"&' 0!$1 :+6 F$6&'$(* ! /1$)$( Q+-6. !$*.,,8 F1",
"( :"$6$, @+-- $"($ 7)64+'-)(# N.( :)1&'6&'("88-"&' (b − c)εH :+ +)&' :$,
F$#$(63"$-$1 $"( 6.-&'$1 @$'-$1 )(8$1-+)/$( *+((R=
O"8 :$1 #$1"(#$( K+'16&'$"(-"&'*$"8 ε2 )(8$1-I)/8 !$":$( V+18$"$( #-$"&'G
4$"8"# $"( 6.-&'$1 @$'-$1= >+(( !$ﬁ(:$( 6"&' +!$1 !$":$ V+18$"$( 5"$:$1 ",
J)68+(: QXHXR )(: $6 5"1: $"($ #$5"66$ J$"8 *..3$1"$18H !"6 $(85$:$1 :$,
$"($( 23"$-$1 .:$1 :$, +(:$1$( 5"$:$1 $"( @$'-$1 )(8$1-I)/8 QYI,-"&' :)1&'G
6&'("8-"&' (+&'
1
2ε %)(:$(R= A(6#$6+,8 $1#"!8 6"&' +)6 :"$6$( 6$-8$($( W.G
.3$1+8".(63'+6$( $"( #$,"88$-8$1 F$5"(( N.(
ε2
2ε(b− c)=
JI'-8 ,+( :"$6$ @I--$ 4)6+,,$(H 6. $1'I-8 ,+( #$(+) :"$ 7)64+'-)(#
3
2(b− c)ε=
 
 !" #$%"&&"' ()*+"' ,!- .$-/",$-!0$ %"*"0/'"-1  "* 2*34*$,,03+" /!"*5) %"ﬁ'+"-
7!0/ !, 8'/$'4
!
9$-:*&!0/ 4!&- +!"7 ')*; 73&$'4" ε '!0/- 5) 4*3ß (!*+; +$ (!* +!" #$=&3**"!/" ')* %!7
5), &!'"$*"' #"*, "'-(!0>"&- /$%"'1
Z<


∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
3 b
b
2 b 0
b
2 0
b
2
b
2 b
2b
3 b
S1 −
c
2
!"#
$
b−c
3
b−c
2
b−2c
5
2b−c
3 b
3b−c
4 −
c
2
2b−c
3
b−c
3
2b−c
3
2b−c
4 b b b
S2 0
b−c
3
!"#
%
b−c
2 0
2b−c
3 0
2b−c
3 0
b−c
3
b−c
3
b−c
2
2b−c
4
2b−c
2
4b−2c
5
2b−c
2
S3 −
c
2
b−c
2
b−c
2
!"#
$
− c2
b−c
2
b−c
2
b−c
2 −
c
2
b−c
2
b−c
2
b−c
2
b−c
2
2b−c
2
2b−c
2
2b−c
2
S4 −
c
3
2b−c
5 0
b
2
!"#
%
b b3 b −
c
3
2b−c
5 0
b
2
3b−c
6 b
2b
3 b
S5 −c
b−2c
3
b−2c
3
b−c
2 −c
!"#
$
b−c
2
2b−c
3 −c
b−c
2
b−c
2
2b−c
3
b−c
2 b b b
S6 −
c
2 −c 0
b−c
2 −
c
3
b−c
2  
2b−c
3 −
2c
3 −c
b−c
2
2b−2c
3
b−c
2
4b−3c
5
4b−2c
5
2b−c
2
S7 −c
b−3c
4
b−2c
3
b−c
2 −c
b−2c
3
b−2c
3
!"#
$
−c −c 2b−2c3
2b−2c
3
2b−3c
4
4b−3c
5
2b−c
2
2b−c
2
S8 0
b
2 0
b
2
b
3 b
2b
3 b  
3b−c
5 0
3b−c
5
3b−c
6
3b−c
3
3b−c
4
3b−c
3
S9 −
c
2
b−2c
3
b−c
3
b−c
2
b−2c
5
b−c
2 b b
b−3c
5 !"#
b−c
2 b− c
b−c
2
3b−2c
3
3b−c
3
2b−c
2
S10 0
b−c
3
b−c
3
b−c
2 0
b−c
2
b−c
2
2b−2c
3 0
b−c
2
!"#
$
2b−2c
3
b−c
2 b− c b− c b− c
S11 −
c
2
b−2c
3
b−c
2
b−c
2 −
c
2
b−2c
3
2b−2c
3
2b−2c
3
b−3c
5 b− c
2b−2c
3
&!"&#
%
2b−3c
4 b− c b− c b− c
S12 −
c
2
b−2c
4
b−2c
4
b−c
2
b−3c
6
b−c
2
b−c
2
3b−2c
4
b−3c
6
b−c
2
b−c
2
3b−2c
4
!"#
$
5b−3c
6
5b−3c
6
2b−c
2
S13 −c −c
b−2c
2
b−2c
2 −c −c
3b−4c
5
3b−4c
5
b−3c
3
2b−3c
3 b− c b− c
3b−5c
6
&!"&#
%
3b−2c
3
3b−2c
3
S14
−2c
3 −c
2b−4c
5
b−2c
2
−2c
3 −c
2b−4c
5
b−2c
2
b−3c
4
b−3c
3 b− c b− c
3b−5c
6
2b−3c
3 !"# b− c
S15 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2
b−3c
3
b−2c
2 b− c b− c
b−2c
2
2b−3c
3 b− c !"#


 !!"#$%&' ()(* +,-#,. "& $,. /01#,0,&2",.%&'3 45&627&2,.  &2,"#
8
9


∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  !" −
b+4c
4
2b− c −c 2b−9c
9
−2b− c −c −2b− c b − c −c 2b − c b−4c
4
−c −b− c − 2b+9c
9
−b − c
S1
4b+c
4
! #"
$
b−4c
9
c 18b−c
25
− 5b+2c
9
−4b− 3c − b+c
2
3b+c
2
− 2b+c
3
5b−2c
9
− 4b+c
9
− 5
8
c −b − 2c −2b − 2c −b− 2c
S2 b − 2c
4b−c
9
 !"
$
c 2b− 2c − 5b+2c
9
4b − 3c − b+4c
9
b− 2c 2b−c
3
5b−2c
9
b+c
2
− 5
8
c −3b+c
2
− 18b+c
25
−4b+c
4
S3 b −b −b %
3
2
b 0 0 b 3
2
b 0 0 b 0 − 3
2
b − 3
2
b −b
S4
9b−2c
9
b−18c
25
2b − 2c − 3
2
c  !"
$
−3b − 2c 8b−15c
9
−2b− c 12b−c
9
2b−3c
5
3b− 2c b−3c
2
− 7
9
c − 3b+3c
2
− b+12c
9
−b − c
S5 b + 2c
2b+5c
9
2b+5c
9
0 2b + 3c % 0 − 2b+5c
9
2b + 3c 0 0 − 2b+5c
9
0 −2b− 3c −2b − 3c −b− 2c
S6 b 3b + 4c 3b − 4c 0
15b−8c
9
0 & !&" − b+2c
3
15b+8c
9
3b + 3c 0 −b+2c
3
0 −3b+2c
5
− 3b+2c
5
−b
S7 b + 2c
b+c
2
4b+c
9
−c b + 2c 5b+2c
9
2b+c
3
 !"
$
2b + 2c 4b + 3c −5b+2c
9
−b+4c
9
5
8
c −18b+c
25
− 3b+c
2
− 4b+c
4
S8 b− c −
b+3c
2
2b− c − 3
2
c b−12c
9
−3b − 2c − 8b+15c
9
−2b − 2c & !&"
$
− 2b+3c
5
3b− 2c − b+18c
25
− 7
9
c − 12b+c
9
− b+c
2
− 9b+2c
9
S9 b
b+2c
3
b−2c
3
0 3b−2c
5
0 −3b− 3c −3b − 4c 3b+2c
5
!& #&" 0 −3b + 4c 0 −15b+8c
9
− 15b+8c
9
−b
S10 b − 2c
2b−5c
9
2b−5c
9
0 2b− 3c 0 0 −2b+5c
9
2b− 3c 0 % −2b+5c
9
0 −2b + 3c −2b + 3c −b + 2c
S11
4b−c
4
b+4c
9
− b+c
2
−c 3b−c
2
5b+2c
9
−2b+c
3
−4b+c
9
18b+c
25
−4b + 3c −5b+2c
9
! #"
$
5
8
c −2b + 2c −b + 2c −b + 2c
S12 b
5
8
b 5
8
b 0 7
9
b 0 0 − 5
8
b 7
9
b 0 0 − 5
8
b % − 7
9
b − 7
9
b −b
S13 b + c 2b + c
−b+3c
2
3
2
c 3b+3c
2
3b + 2c −2b+3c
5
−b+18c
25
b+12c
9
−8b+15c
9
−3b + 2c −2b + 2c 7
9
c ! #"
$
−12b+c
9
−9b+2c
9
S14
9b+2c
9
2b + 2c b+18c
25
3
2
c 12b+c
9
3b + 2c 2b+3c
5
b+3c
2
b+c
2
8b+15c
9
−3b + 2c −2b + c 7
9
c −b+12c
9
!& #&"
$
−b + c
S15 b + c 2b + c
−b+4c
4
c b + c 2b + c c b+4c
4
2b+9c
9
c −2b + c −2b + c c −2b+9c
9
−b + c ! #"


 !!"#$%&' ()*+ ,-.#-/ "& $-/ 012#-1-&3"-/%&'4 #"&-5/-/  &3-"# "& ε
*
6
 !" #$%&'()( &(* +($ ,($'(*-./0 +($ 1.2345'./026
)4-$*7
 ! "#$%& '$&(& )*&+,"#-. )*.$/ 0#$!$! 1$,2*.,$) *3-. 2+, *)0$,$ 4$."$,*,&$)
*)(35$)0$)6 7$#0$, 89))$) !#-. 0*:$# ;,<:"$=$ $,%$:$)>
 !"#$"!% & ?;,<:"$= @>  #) (3 !A$(#$""$, B)!*&(C
B)%$)<==$) 5#, 5<""$) :$,$-.)$)/ 5*! $#) DA#$"$, =#& 0$, D&,*&$%#$ S12 4$."$)0$ E3,-.=#F
!-.3)%!$#%$)!-.*2&%$%$) S8 :$8<==&/ 5$)) 5#, )3, 4$."$, #) 0$, B3ﬀ*!!3)% 0$! H$%)$,! (3F
"*!!$)6  ! %#"& 0*)) S8(ν) = (1 − ν, ν, 0, 0) 3)0 S12(ν) = S12 = (1, 1, 0, 0)6
E*! .$#ß& 0#$ D&,*&$%#$ S12 J$,K)0$,& !#-. )#-.& F 0* !#$ %$)*3 0*)) 8<<A$F
,#$,&/ 5$)) !#$ #) 0$, 1<,,3)0$ 8<<A$,#$,& .*& ?:$# 0$) B3!(*."3)%$) L 3)0
DC/ !#-. *"!< %*, )#-.& *= 1$,.*"&$) 0$! H$%)$,! <,#$)&#$,&6
M$,$-.)$& =*) 2+, 0#$!$ D&,*&$%#$) 0#$ N:$,%*)%!=*&,#O/ !< $,.K"& =*)>
Q =


1− ν ν 0 0
0 1 0 0
0 0 ν 1− ν
0 0 0 1


E#$ P*&,#O Q ($,2K""& #) (5$# #,,$03(#:"$ M"9-8$> D&*,&$& =*) =#& 0$) R3F R5$# #,,$03(#:"$
M"9-8$!&K)0$) L <0$, D/ 0*)) $,.K"& =*) "*)%2,#!&#% #==$, 0#$ B3!(*."3)% DS
:$%#))& =*) .#)%$%$) =#& 0$) R3!&K)0$) T <0$, ;/ !< :$8<==& =*) #=
"*)%2,#!&#%$) P#&&$" 0#$ B3!(*."3)% ;6 E$, N:$,%*)%!=*&,#O Q 2$."& *"!< 0#$
E3,-.=#!-.3)%!$#%$)!-.*2&6
U) 0#$!$= 4*"" !A#$"& 0*.$, 0#$ D&*,&J$,&$#"3)% !$., 5<." $#)$ L<""$ 2+, 0#$
03,-.!-.)#&&"#-.$ B3!(*."3)%/ $#) 3)*:.K)%#%$! π 8*)) $! )#-.& %$:$)6 V)!$,
:#!.$,#%$! 1$,2*.,$) 5#,0 0*03,-. )3&("<!/ 0#$ 03,-.!-.)#&&"#-.$ B3!(*."3)%
#!& $#)$ 43)8&#<) J<= B)2*)%!(3!&*)06
 !"#$"!% '( ?;,<:"$= W>  #) (3 *""%$=$#)$, B)!*&(C
P*) 89))&$ )3) J$,!3-.$)/ 0#$ J#$"$) X3""$) #) 0$, N:,%*)%!=*&,#O 0*03,-. 7$$,$ 79!3)%!=$)%$
(3 $"#=#)#$,$)/ 0*!! =*) *""%$=$#)$,$ 4$."$, (3"K!!&6 B)!&*&& #!<"#$,& 4$.F
"$, #) 0$, B3ﬀ*!!3)% 0$! H$%)$,! (3 3)&$,!3-.$)/ :$&,*-.&$) 5#, *""%$=$#)
4$."$, #) 0$, B3ﬀ*!!3)%6
Y#, :$,$-.)$) *"!< 5#$0$, 0#$ B3!(*."3)% J<) S12 %$%$) S8/ 0#$!=*" *:$,
)#-.& )3, 5#$ :#!.$, =#& $#)$, Y*.,!-.$#)"#-.8$#& ν/ 0*!! 0$, H$%)$, 2*"!-.
#)&$,A,$&#$,& 5#,0/ !<)0$,) 5#, 2+.,$) (3!K&("#-. )<-. 0#$ Y*.,!-.$#)"#-.8$#&
µ $#)/ 0*!! #-. =#-. !$":!& 2*"!-. $#)!-.K&($6
E*03,-. 2<"%& =#&&$"! ?W6@@C/ 0*!! S8 (3 (1− µ− ν + µν, ν − µν, µ− µν, µν)
+:$,%$.& 3)0 S12 (3 (1 − µ, 1 − µ, µ, µ)6 B"! N:$,%*)%!=*&,#O $,%#:& !#-.
Z[
 ! "
Q =


(1− µ)(1− µ− ν + µν) (1− µ)(µ + ν − µν)µ(1− µ− ν + µν) µ(µ + ν − µν)
(1− µ)(µ− µν) (1− µ)(1− µ + µν) µ(µ− µν) µ(1− µ + µν)
µ(ν − µν) µ(1− ν + µν) (1− µ)(ν − µν) (1− µ)(1− ν + µν)
µ2ν µ(1− µν) (1− µ)µν (1− µ)(1− µν)


#$% %&'(% )*&+% $'( ,-'. /% .00% 1 +%  2*& µ, ν > 0 '$ + ,--% 3$ (&4/% 5. 
6 /&7ß%& ,-' 91 '.0$( $'( +$% :,(&$; +!&<=0$'<=% + ! + %' 2.-/( +$% 3;$'(% >
5. /% ,! %$ %0 '(,($. 4&% ?%@(.& πA
B$& 5%&'!<=% ,-'.1 ! '%& C$'=%&$/%' ?%&2,=&% , >!D% +% ! + 'E,-(% >!F
 4<='( +$% :,(&$; 6 $ +$% %$ >%- % G%$-% ,!2"
Q = Q0 + µQµ + νQν + µ
2Qµ2 + µνQµν + ν
2Qν2 + . . . HIAJKL
M ,-./ 0,<=% D$& 2*& +% '(,($. 4&% ?%@(.& π(µ, ν) +% M ',(>
π(µ, ν) = π0 + µπµ + νπν + µ
2πµ2 + µνπµν + ν
2πν2 + . . . HIAI9L
#$% N%+$ /! / π(µ, ν)Q = π(µ, ν) 2*=&( +,  D$%+%& >! %$ %0 -$ %,&% O-%$F
<=! /''P'(%01 ! (%& , +%&%0 0$( +% Q -$ %,&% O-%$<=! /''P'(%0% 
π0 = π0Q0
πν = πνQ0 + π0Qν
πµ = πµQ0 + π0Qµ
HIAIJL
?%&'!<=( 0, HIAIJL >! -7'% 1 +,  %&/$C( '$<= ,-' R7'! /'0% /% +$% -%%&%
:% /% F +%& @. '(, (% M (%$- π0 -4''( '$<=  40-$<=  $<=( C%&%<= % 1 +, '$<=
+$% O-%$<=! /% (%$-D%$'% D$+%&'E&%<=% A B$& C%@.00% ,-'. +!&<= +$%'% 
M ',(>  $<=( ,!2 %$ % G,P-.&F3 (D$<@-! / 5. π1 .CD.=- +%& '(,($. 4&% ?%@F
(.& π '%-C'( %;$'($%&% 0!''S
T0 >! 5%&'(%=% 1 D$%'. +$%'%' R7'! /'5%&2,=&% '<=%$(%&(1 -,''% D$& :,(=%F
0,($<, +% %;,@(% '(,($. 4&% ?%@(.& π = (π1, π2, π3, π4) C%&%<= % 
 
π1 =
µ−µ2−2µν+6µ2ν+µν2−4µ3ν−4µ2ν2+4µ3ν2
6µ+2ν−4µ2−12µν−2ν2+24µ2ν+12µν2−16µ3ν−24µ2ν2+16µ3ν2
π2 =
2µ+ν−µ2−4µν−ν2+6µ2ν+5µν2−4µ3ν−8µ2ν2+4µ3ν2
6µ+2ν−4µ2−12µν−2ν2+24µ2ν+12µν2−16µ3ν−24µ2ν2+16µ3ν2
π3 =
µ2+2µ2ν+µν2−4µ3ν−4µ2ν2+4µ3ν2
6µ+2ν−4µ2−12µν−2ν2+24µ2ν+12µν2−16µ3ν−24µ2ν2+16µ3ν2
π4 =
3µ+ν−3µ2−6µν−ν2+10µ2ν+5µν2−4µ3ν−8µ2ν2+4µ3ν2
6µ+2ν−4µ2−12µν−2ν2+24µ2ν+12µν2−16µ3ν−24µ2ν2+16µ3ν2
HIAIIL
R4''( 0,  ! $ HIAIIL µ /%/% 9 /%=% 1 '. %&=4-( 0, 
 
 !"#$%{pi.Q == pi, pi1 + pi2 + pi3 + pi4 == 1}, {pi1, pi2, pi3, pi4}&
U9
π1 = 0
π2 =
ν−ν2
2ν−2ν2
= 1−ν2−ν
π3 = 0
π4 =
ν−ν2
2ν−2ν2
= 1−ν2−ν
 !"!#$
%&''( )*+ ,-./ 0-.1./2) ν 3.3.+ 4 3.,.+5 '6 ./,&7( )*+ 89/ 1.+ :6+'(*+(.+
;+(.-7 <6+ π .-+.+ =./( <6+ (0, 12 , 0,
1
2)"
>.,( )*+ -+  !"!!$ ?.16@, A2./'( )-( ν 3.3.+ 45 '6 ./,&7( )*+
π1 =
µ−µ2
6µ−4µ2
= 1−µ6−4µ
π2 =
2µ−µ2
6µ−4µ2
= 2−µ6−4µ
π3 =
µ2
6µ−4µ2
= µ6−4µ
π4 =
3µ−3µ2
6µ−4µ2
= 3−3µ6−4µ
 !"!B$
C./.@,+.( )*+ -+  !"!B$ 1.+ =./( 89/ µ 3.3.+ 45 '6 ./,&7( )*+ *7' :6+'(*+D
(.+ ;+(.-7 <6+ π 1-. E./(.-72+3 (16 ,
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F+'3.'*)( ,*G.+ 0-/ *7'6 ./,*7(.+5 1*'' 1./ '(*(-6+&/. E.:(6/ π -) H2+:(
µ = 05 ν = 0 2+'(.(-3 -'( D 1./ =./( <6+ π ,&+3( *G <6+ 1./ I-@,(2+35 *2'
1./ )*+ '-@, 1.) J277K2+:( +&,./(" L-( 1-.'./ F+86/)*(-6+ 0-/1 *2@, :7*/5
0-.'6 .-+. *773.).-+. M*N76/.+(0-@:72+3 2) 1.+ J277K2+:( '@,.-(./+ )2''O
=.-7 .' :.-+.+ .-+1.2(-3.+ =./( 89/ π *) H2+:(  454$ 3-G("
=-. :*++ )*+ +2+ 1-.'. 2+(./'@,-.17-@,.+ >/.+A0./(. -+(./K/.(-./.+P F+(./K/.(*(-6+ 1./
Q+'(.(-3:.-( -)
J277K2+:(
R.- A2+&@,'( 1-. =*,/'@,.-+7-@,:.-( 89/ .-+. E./0.@,'72+3 1.' .-3.+.+ S23.'
'.,/ :7.-+  *7'6 µ ≈ 0$5 1*++ 0-/1 S12 .+(0.1./ 89/ '.,/ 7*+3. S.-( +2/ :6D
6K./-./.+ 61./ +2/ T 'K-.7.+  U9/ S12 'K-.7( .' ?* :.-+. I677.5 1*'' ./ -))./
+6@, 1.+ >.3+./ 8*7'@, -+(./K/.(-./.+ :V++(.5 1.++ S12 :66K./-./( 2+1 1.D
8.:(-./( ?* 2+*G,&+3-3 <6) >.3+./ .-+8*@, 1*++5 0.++ ./ 1*' '@,6+ -+ 1./
E6//2+1. 3.)*@,( ,*($ "
W-+ >/-)DRK-.7./ G./9@:'-@,(-3( ,-+3.3.+ 1.+ 3.3+./-'@,.+ S23" T* 1-. >.D
8*,/ .-+./ L-'-+(./K/.(*(-6+ 1.' >.3+./' <./37.-@,'0.-'. 3/6ß -'( 2+1 >/-)
'6)-( *28 ?.1.+ U*77 -/3.+10*++ 1.+:(5 1*'' 1./ >.3+./ T.8.:( 3.'K-.7( ,*(5
0-/1 >/-) 7*+38/-'(-3 *28 T 0.@,'.7+ D 2+1 1*++ '.,/ +*@,(/*3.+1 '.-+ 2+1
+-@,( ).,/ :66K./-./.+"
R@,72''.+17-@, 'K-.7( *7'6 S8 -) J6/)*78*77 T.8.:( 0&,/.+1 S12 )-( 37.-@,./
=*,/'@,.-+7-@,:.-( Y 61./ T 'K-.7( D )*+ 7*+1.( *7'6 )-( 37.-@,./ =*,/D
'@,.-+7-@,:.-( -+ 1.+ S2'(&+1.+  Y5T$ 2+1  T5T$5 G.:6))( *7'6 89/ 1.+
:6+'(*+(.+ ;+(.-7 <6+ π 1.+ =./( (0, 12 , 0,
1
2)"
F'( ,-+3.3.+ <6+ ;+8*+3 *+ 1-. =*,/'@,.-+7-@,:.-( 89/ .-+. 8*7'@,. ;2ﬀ*'D
'2+3 1.' 3.3+./-'@,.+ S23.' '.,/ :7.-+  ν ≈ 0$5 1*++ 3-7( S12 ≈ (1− µ, 1−
B[
µ, µ, µ)  !" S8 ≈ (1− µ, 0, µ, 0)#
$%& '%(%!)*+,-% .!)%&(,-+%" / 0 12&+3%! 45** +() "%&6 "5(( %( ! ! 073*+,-
+()6 "5(( 8&+0 !5,- *9!3%&%& $%:%;)<=-5(% / ;22>%&+%&%! ?%3+!!) < !90<
*+,- "5!!6 '%!! +! "%& @2&& !"% AB6$C 3%(>+%*) ' &"%  !" 8&+0 (%+!%! D 3
:5*(,- +!)%&>&%)+%&)  !" 12! %+!%& AB6BC<E+) 5)+2! 5 (3%-)# F%+"% E>+%*%& ?%<
;200%! "5!! :G& *9!3%&% D%+) "+% H (/5-* !3 I6 "5 ?%+"% +0 45** AB6BC :G&
*9!3%&% D%+) "+% J22>%&5)+2! ?%+?%-5*)%!#
$5( -%+ß)6 +!(3%(50) '+&" 5 ( E+,-) 12! S12 "+% L5-&(,-%+!*+,-;%+)6 5 (<
3%!G)/) / '%&"%! %)'5( (+!;%!  !" /'5& / 3 !()%! 12! ?%+"(%+)+3%& J22>%<
&5)+2! < %+! !% %& ;2!()5!)%& H!)%+* 12! π 0+) ;*%+!%&%& L5-&(,-%+!*+,-;%+)
:G& E  !" 3&7ß%&%0 H!)%+* :G& I6 (16 ,
1
3 , 0,
1
2)6 %&(,-%+!) 5*(2 >*5 (+?%*#
M!(3%(50) -5?%! '+& 5*(2 3%(%-%!6 "5(( %+! / (>%/+%**%& H!(5)/ !+,-) / 0I%( 0N "%& 12&+3%!
F%+(>+%*% 3%'G!(,-)%! D+%* :G-&)6 "5 "+% O?%&35!3(05)&+P "+% $ &,-0+(,- !3(%+3%!<
(,-5:) 1%&*+%&)6 :5**( Q/ '%!+3%Q 4%-*%& >5((+%&%!# 4G-&) 05! R%"2,- 5**3%<
0%+!%&% 4%-*%&5&)%! %+!6 (2 "5&: 05! !+,-) %&'5&)%!6 "5(( 05! 5 ,- %+!%
5**3%0%+!% 42&0 "%& S5T*2&&%+-% %!)'+,;%*! ;5!!6 '%+* :G& "%! 8&%!/'%&) +0
= !;) U "+% I+,-) !36 5 ( "%& 05! (+,- !9-%&)6 '%(%!)*+,- +()#
.0 5*(2 G?%& 4%-*%& +! "%& H ﬀ5(( !3 %)'5( 5 ((53%! / ;7!!%!6 0 ((E,-* ((:2*3%& !3 5 (
"%! =&2?*%0%! 05! (2*,-% I+,-) !3%! 12&3%?%!# 42*3%!"% W =&2)2)T>%! "G&:)%! "5?%+ 12!
?%(2!"%&%0 M!)%&%((% (%+!X
• 4%-*%& +! "%& H ﬀ5(( !3 "%( 3%3!%&+(,-%! D 3%(X 4G& "%! 45** "5((
ν ≫ µ +() "+% I+,-) !3 µ ≈ 0 05ß3%?*+,-
• 4%-*%& +! "%& H ﬀ5(( !3 "%( %+3%!%! D 3%(X M()  03%;%-&) "+% L5-&<
(,-%+!*+,-;%+) :G& %+!% Y+(+!)%&>&%)5)+2! "%( 8%3!%&( (%-& ;*%+! +0 @%&<
3*%+,- / 4%-*%&! ?%+ "%& H ﬀ5(( !3 "%( %+3%!%! D 3%( Aν ≪ µC6 (2
0 (( 05! "+% I+,-) !3 ν ≈ 0 ?%)&5,-)%!#
• 8*%+,-% 4%-*%& +! "%& H ﬀ5(( !3X E+!" ?%+"% 4%-*%&5&)%! 12! "%& (%*?%!
8&7ß%!2&"! !36 5*(2 µ ≈ ν6 "5!! '+&" 05! (+,- +! "+532!5*%& I+,-) !3
"%0 Z **> !;) !9-%&!#
 !"#$"!% && A[+! D5-*%!?%+(>+%*C
L+& ?%&%,-!%! "%! %P5;)%!L%&) :G& π :G&  !)%&(,-+%"*+,-% 4%-*%&'5-&(,-%+!<
*+,-;%+)%!X
• µ = 0.0001, ν = 0.01X π = (0.005, 0.495, 0.000, 0.500)# $5( %!)(>&+,-)
(,-2! /+%0*+,- 3%!5 "%0 ;2!()5!)%! S%&0 :G& 4%-*%& +! "%& H ﬀ5(<
( !3 "%( %+3%!%! D 3%(6 (0, 12 , 0,
1
2)
• µ = 0.01, ν = 0.0001X π = (0.165, 0.334, 0.002, 0.498) %!)(>&+,-) "%0
12&+3%! 8&%!/'%&) (16 ,
1
3 , 0,
1
2)#
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 !"#$$%&'#""%&( $!"" $#& #)"* '+, -%.)%, /& (%, 0!ﬀ#""!&2 3!&45."6 (%&  !"#$$%&'#""!&2
#))2%$%/&%& 7%2 2%.%&8 !$ "946%, (#&& (*5. &*5. $/6 "9%3/%))%& -%.)%,&
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0&.#&2 #&2%2%?%&;
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:%,(%& C (/% (#&& :/%(%,!$ @*$ L%2&%, %/&2%"5.4636 :%,(%&8 !&( "* :%/6%,;
<%, :%"%&6)/5.% N&6%,"5./%( 3!$ "/$!)6#&%& G9/%) /"6 (%,8 (#"" &/5.6 $%., N&6%,"5./%()/5.%
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"%)&( /& (%, O#2% "%/&8 %/& L%"5.%&= 3! 2%?%& P !"!#Q *(%, %/& L%"5.%&=
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Spieler B C C
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D
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?%#5.6%6 %, (/% )%636%& 3:%/  +2%; -+, /& )/%26 ./%, %/&% PU8<QCG/6!#6/*& @*,;
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D︸ ︷︷ ︸
letzteRunde
74.,%&( #)"* G9/%)%, 0 (/% 0!"2#&2""/6!#6/*& PU8<Q .#66%8 .#6 G9/%)%, <
&/5.6 $%., :/% /$ "/$!)6#&%& G9/%) P<8UQ #)"  !"6#&( (%, )%636%& J!&(% C
"* :/% %" ?%/$ "/$!)6#&%& G9/%) (%, -#)) :4,% C "*&(%,& P<8<Q;
7/, :*))%& &!& (/% V?%,2#&2"$#6,/W '+, #)6%,&/%,%&(% G9/%)% .%,)%/6%&; G9/%C M%,)%/6!&2 (%,
V?%,2#&2"$#6,/W)%, 0 .#?% (/% G6,#6%2/% (pR, pS , pT , pP ) !&( E (/% G6,#6%2/% (p
′
R, p
′
S , p
′
T , p
′
P );
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?@) ('# #'!1#4!#! 9+07A!(# '! (#) !A<307#! 5+!(#B
• 5C D2%'7 '! (#) =$4"#)+!(# ,'#(#) -.&./ "#06'#47 ,')(& %+00  1+E
!A<307 >$$6#)'#)#!: D2 '! (#) *$))+!(# -.&./ "#06'#47 ,+)(#& '07 ('#
;23)0<3#'!4'<3>#'7 (2?@) pR: ;#!!  !+! . "#06'#47 327& (2!! '07 2+<3
?@) F ('#  +0"2!"00'7+27'$! -.&./: G) ,')( 240$ %'7 (#) ;23)0<3#'!E
4'<3>#'7 p′R >$$6#)'#)#!:
• 8C ;#!! '! (#) !A<307#! 5+!(# -.&D/ "#06'#47 ,#)(#! 0$44& (2!! %+00
 1+!A<307 %'7 ;23)0<3#'!4'<3>#'7 pR >$$6#)'#)#!: D2!2<3 %+00 F&
$H,$34 '! (#) *$))+!(# H#'(# >$$6#)'#)7 32H#!& D#?#>7 06'#4#!: D'#
;23)0<3#'!4'<3>#'7 (2?@) H#7)A"7 1− p′R:
• IC ;') ,$44#! ('# ;23)0<3#'!4'<3>#'7 ?@) (#! 9+072!( -D&./ H#)#<3!#!:
D2!! %+00 1+!A<307  D#?#>7 06'#4#!& ('# ;23)0<3#'!4'<3>#'7 3'#)?@)
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,')( (23#) !+) %'7 (#) ;23)0<3#'!4'<3>#'7 p′S >$$6#)'#)#!:
• LC D21+ %+00  %'7 (#) ;23)0<3#'!4'<3>#'7 1− pR D#?#>7 06'#4#! +!(
2!0<34'#ß#!( F -(#) 2+0 0#'!#) 8'<37 ,'#(#) 2+0"#!+717 ,+)(#/ #H#!?2440
D#?#>7 06'#4#! -%'7 #'!#) ;23)0<3#'!4'<3>#'7 N$! 1− p′S/:
=@3)7 %2! ('#0#4H# OH#)4#"+!" !+! 2+<3 ?@) ('# =A44# (+)<3& (200 '! (#)
*$))+!(# -.&D/& -D&./ +!( -D&D/ "#06'#47 ,+)(#& 0$ #)3A47 %2! ('# ?$4E
"#!(# OH#)"2!"0%27)'P ?@) 247#)!'#)#!(# 86'#4# -*#)"4#'<3# %'7 -Q:R/& (#)
OH#)"2!"0%27)'P ?@) 0'%+472!# 86'#4#S/
R S T P
R pR · p
′
R pR · (1− p
′
R) (1− pR) · p
′
S (1− pR) · (1− p
′
S)
S pS · p
′
T pS · (1− p
′
T ) (1− pS) · p
′
P (1− pS) · (1− p
′
P )
T pT · p
′
R pT · (1− p
′
R) (1− pT ) · p
′
S (1− pT ) · (1− p
′
S)
P pP · p
′
T pP · (1− p
′
T ) (1− pP ) · p
′
P (1− pP ) · (1− p
′
P )
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4 0 0 −b −b 0 0 0  
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
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
2 b
b
2 b 0
b
2 0
b
2
b
2 b
b
2 b
S1 −
c
2
!"#
$
b−c
3
b−c
2 −
c
2 b b b −
c
2
2b−c
3
b−c
3
2b−c
3
2b−c
4 b b b
S2 0
b−c
3  
b−c
2 0
2b−c
3 0
2b−c
3 0
b−c
3 0
b−c
2
2b−c
4
2b−c
2
2b−c
2
2b−c
2
S3 −
c
2
b−c
2
b−c
2
!"#
$
− c2
b−c
2
b−c
2
b−c
2 −
c
2
b−c
2
b−c
2
b−c
2
b−c
2
2b−c
2
2b−c
2
2b−c
2
S4 −
c
2
b
2 0
b
2
!"#
%
b b2 b −
c
3
b
2 0
b
2
3b−c
6 b
2b
3 b
S5 −c −c
b−2c
3
b−c
2 −c
!"#
$
b−c
2 b −c
b−c
2
b−c
2
2b−c
3
b−c
2 b b b
S6 −
c
2 −c 0
b−c
2 −
c
2
b−c
2  
2b−c
3 −
c
2 −c
b−c
2
2b−2c
3
b−c
2
2b−c
2
2b−c
2
2b−c
2
S7 −c −c
b−2c
3
b−c
2 −c −c
b−2c
3
!"#
$
−c −c 2b−2c3
2b−2c
3
2b−3c
4
2b−c
2
2b−c
2
2b−c
2
S8 0
b
2 0
b
2
b
3 b
b
2 b  
b
2 0
b
2
3b−c
6
3b−c
3
2b−c
3
2b−c
2
S9 −
c
2
b−2c
3
b−c
3
b−c
2 −
c
2
b−c
2 b b −
c
2 !"#
b−c
2 b− c
b−c
2
2b−c
2
2b−c
2
2b−c
2
S10 0
b−c
3 0
b−c
2 0
b−c
2
b−c
2
2b−2c
3 0
b−c
2
!"#
$
b− c b−c2 b− c b− c b− c
S11 −
c
2
b−2c
3
b−c
2
b−c
2 −
c
2
b−2c
3
2b−2c
3
2b−2c
3 −
c
2 b− c b− c !"#
2b−3c
4 b− c b− c b− c
S12 −
c
2
b−2c
4
b−2c
4
b−c
2
b−3c
6
b−c
2
b−c
2
3b−2c
4
b−3c
6
b−c
2
b−c
2
3b−2c
4
!"#
$
5b−3c
6
5b−3c
6
2b−c
2
S13 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2
b−3c
3
b−2c
2 b− c b− c
3b−5c
6
$!"$#
%
3b−2c
3
2b−c
2
S14 −
c
2 −c
b−2c
2
b−2c
2 −
2c
3 −c
b−2c
2
b−2c
2
b−2c
3
b−2c
2 b− c b− c
3b−5c
6
2b−3c
3 !"# b− c
S15 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2
b−2c
2
b−2c
2 b− c b− c
b−2c
2
b−2c
2 b− c !"#
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S1 0
!"#$
%
− b+c
3
c 4b+c
4
0 −2b− c 0 2b+c
4
−5b+c
9
b−c
9
−b+c
3
− c
8
0 −2b− c 0
S2 0
b+c
3
 c 2b− c − b+c
9
2b− c b−c
3
0 5b+c
9
0 b+c
2
− c
8
−2b+c
4
−4b+c
4
0
S3 0 −b −b  
b
2
0 0 b b
2
0 0 b 0 − b
2
− b
2
0
S4 0 −
b+4c
4
b− 2c − c
2
!"#$
&
0 b−4c
4
0 6b−2c
9
b−6c
8
2b− 2c b−2c
4
− c
9
0 − 2b+6c
9
0
S5 0 0
b+c
9
0 0  0 0 2b+ 2c 0 0 − b+c
9
0 0 −2b− 2c 0
S6 0 b+ 2c b− 2c 0
4b−c
4
0 '"!'$ b−5c
9
4b+c
4
3b+ 3c 0 b+5c
9
0 −6b+c
8
− 6b+c
8
0
S7 0 0
b−c
3
−c 0 0 5b−c
9
"!$
%
2b+ c 2b+ c −b+c
9
b+c
3
c
8
− 4b+c
4
− 2b+c
4
0
S8 0 −
b+2c
4
0 − c
2
2b−6c
9
−2b− 2c − b+4c
4
−b− 2c  − b+6c
8
0 b−4c
4
− c
9
− 6b+2c
9
b+c
9
0
S9 0
−b+5c
9
− b+5c
9
0 6b−c
8
0 −3b− 3c −b− 2c 6b+c
8
!'"#'$ 0 −b+ 2c 0 −4b+c
4
− 4b+c
4
0
S10 0
b−c
9
0 0 2b− 2c 0 0 −b+c
9
0 0  0 0 −2b+ 2c 0 0
S11 0
−b+c
3
− b+c
2
−c 2b−c
4
b+c
9
− 5b+c
9
− b+c
3
4b−c
4
−2b+ c 0  c
8
−2b+ c 0 0
S12 0
b
8
b
8
0 b
9
0 0 − b
8
b
9
0 0 − b
8
 − b
9
− b
9
0
S13 0 0
−b+2c
4
c
2
0 0 −b+6c
8
b+4c
4
2b+6c
9
−b+4c
4
−2b+ 2c −b+ 2c c
9
"!$
&
−6b+2c
9
0
S14 0 b+ 2c
−b+4c
4
c
2
6b+2c
9
2b+ 2c b+6c
8
b+2c
4
− b+c
9
b+4c
4
0 0 c
9
−2b+6c
9
 0
S15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
3 b
b
2 b 0
b
2 0
b
2
b
2 b
2b
3 b
S1 −
c
2
!"#
$
b−c
3
b−c
2 −
c
2
5b−2c
7 b
3b−c
4 −
c
2
2b−c
3
b−c
3
2b−c
3
2b−c
4 b b b
S2 0
b−c
3
!"#
%
b−c
2 0
2b−c
3 0
2b−c
3 0
b−c
3
2b−2c
7
b−c
2
2b−c
4
2b−c
2
2b−c
2
2b−c
2
S3 −
c
2
b−c
2
b−c
2
!"#
$
− c2
b−c
2
b−c
2
b−c
2 −
c
2
b−c
2
b−c
2
b−c
2
b−c
2
2b−c
2
2b−c
2
2b−c
2
S4 −
c
3
b
2 0
b
2
!"#
%
b b2 b −
c
4
b
2 0
b
2
4b−c
8 b
3b
4 b
S5 −c
2b−5c
7
b−2c
3
b−c
2 −c
!"#
$
b−c
2
5b−2c
7 −c
b−c
2
b−c
2
2b−c
3
b−c
2 b b b
S6 −
c
2 −c 0
b−c
2 −
c
2
b−c
2  
2b−c
3 −
c
2 −c
b−c
2
2b−2c
3
b−c
2
2b−c
2
2b−c
2
2b−c
2
S7 −c
b−3c
4
b−2c
3
b−c
2 −c
2b−5c
7
b−2c
3
!"#
$
−c −c 2b−2c3
2b−2c
3
2b−3c
4
2b−c
2
2b−c
2
2b−c
2
S8 0
b
2 0
b
2
b
4 b
b
2 b  
b
2 0
b
2
4b−c
8
4b−c
4
3b−c
4
3b−c
3
S9 −
c
2
b−2c
3
b−c
3
b−c
2 −
c
2
b−c
2 b b −
c
2 !"#
b−c
2 b− c
b−c
2
2b−c
2
2b−c
2
2b−c
2
S10 0
b−c
3
2b−2c
7
b−c
2 0
b−c
2
b−c
2
2b−2c
3 0
b−c
2
!"#
$
5b−5c
7
b−c
2 b− c b− c b− c
S11 −
c
2
b−2c
3
b−c
2
b−c
2 −
c
2
b−2c
3
2b−2c
3
2b−2c
3 −
c
2 b− c
5b−5c
7
&!"&#
%
2b−3c
4 b− c b− c b− c
S12 −
c
2
b−2c
4
b−2c
4
b−c
2
b−4c
8
b−c
2
b−c
2
3b−2c
4
b−4c
8
b−c
2
b−c
2
3b−2c
4
!"#
$
7b−4c
8
7b−4c
8
2b−c
2
S13 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2
b−4c
4
b−2c
2 b− c b− c
4b−7c
8
&!"&#
%
4b−3c
4
3b−2c
3
S14 −
2c
3 −c
b−2c
2
b−2c
2 −
3c
4 −c
b−2c
2
b−2c
2
b−3c
4
b−2c
2 b− c b− c
4b−7c
8
3b−4c
4 !"# b− c
S15 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2
b−3c
3
b−2c
2 b− c b− c
b−2c
2
2b−3c
3 b− c !"#
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

∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4
b 0 − b
9
−b 0 −b 0 0 b b
4
0 0 b
9
0
S1
c
4
!"#$ − 4b+5c
9
3c
2
14b+7c
12
−17b+4c
49
−6b− 4c b+c
4
b+c
2
− 4b
3
4b−c
9
−5b+4c
9
− c
2
−c −2b − 2c −c
S2 −c
5b+4c
9
!"#$
%
3c
2
2b− 2c − 4b+c
9
6b − 4c 4b−5c
9
−c 4b
3
17b+4c
49
b + c − c
2
−b+c
2
−14b+7c
12
c
4
S3 0 −
3b
2
− 3b
2
 
b
2
0 0 3b
2
b
2
0 0 3b
2
0 − b
2
− b
2
0
S4
c
9
− 7b+14c
12
2b − 2c − c
2
!"#$
%
−b b−8c
8
−b 8b−3c
16
b−14c
16
3b− 2c b−c
2
− c
32
0 − 3b+8c
16
0
S5 c
−4b+17c
49
b+4c
9
0 c  0 4b−17c
49
2b + 3c 0 0 − b+4c
9
0 −c −2b − 3c −c
S6 0 4b + 6c 4b − 6c 0
8b−c
8
0 &"!&$ − 4c
3
8b+c
8
6b + 6c 0 4c
3
0 −14b+c
16
− 14b+c
16
0
S7 c −
b+c
4
5b−4c
9
− 3c
2
c 17b−4c
49
4b
3
"!$ 2b + 2c 6b + 4c −4b+c
9
4b+5c
9
c
2
− 14b+7c
12
− b+c
2
− c
4
S8 0 −
b+c
2
b − c
2
3b−8c
16
−3b − 2c − b+8c
8
−2b − 2c  − b+14c
16
b 7b−14c
12
− c
32
− 8b+3c
16
b+c
4
c
9
S9 0
4c
3
− 4c
3
0 14b−c
16
0 −6b− 6c −4b − 6c 14b+c
16
!&"#&$ 0 −4b + 6c 0 −8b+c
8
− 8b+c
8
0
S10 −c
b−4c
9
− 4b+17c
49
0 2b− 3c 0 0 −b+4c
9
−c 0  4b+17c
49
0 −2b + 3c c c
S11 −
c
4
−4b+5c
9
−b− c − 3c
2
b−c
2
4b+c
9
− 4b
3
− 5b+4c
9
14b−7c
12
−6b + 4c − 17b+4c
49
"!$
%
c
2
−2b + 2c c c
S12 0
b
2
b
2
0 b
32
0 0 − b
2
b
32
0 0 − b
2
 − b
32
− b
32
0
S13 0 b
−b+c
2
c
2
0 b −b+14c
16
7b+14c
12
3b+8c
16
−b+8c
8
−3b + 2c −2b + 2c c
32
"!$
%
−8b+3c
16
− c
9
S14 −
c
9
2b + 2c −7b+14c
12
c
2
8b+3c
16
3b + 2c b+14c
16
b+c
2
− b+c
4
b+8c
8
−b −b c
32
−3b+8c
16
 0
S15 0 b −
b
4
0 0 b 0 b
4
− b
9
0 −b −b 0 b
9
0  

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2 0 b
b
2 b 0
b
2 0
b
2
b
2 b b b
S1 −
c
2
!"#
$
b−c
2
b−c
2 −
c
2 b b b −
c
2
b−c
3
b−c
2
b−c
2
2b−c
4 b b b
S2 0
b−c
2  
b−c
2 0
b−c
2 0
b−c
2 0
2b−c
3 0
2b−c
3
2b−c
4
2b−c
2
2b−c
2
2b−c
2
S3 −
c
2
b−c
2
b−c
2
!"#
%
− c2
b−c
2
b−c
2
b−c
2 −
c
2
b−c
2
b−c
2
b−c
2
b−c
2
2b−c
2
2b−c
2
2b−c
2
S4 0
b
2 0
b
2  b
b
2 b 0
b
2 0
b
2
b
2 b b b
S5 −c −c
b−c
2
b−c
2 −c
!"#
%
b b −c −c b−c2
b−c
2
b−c
2 b b b
S6 −
c
2 −c 0
b−c
2 −
c
2 −c
!"#
%
2b−2c
3 −
c
2
b−c
2 0
2b−c
3
b−c
2
2b−c
2
2b−c
2
2b−c
2
S7 −c −c
b−c
2
b−c
2 −c −c
2b−2c
3
%!"%#
$
−c −c b−c2
b−c
2
2b−3c
4
2b−c
2
2b−c
2
2b−c
2
S8 0
b
2 0
b
2 0 b
b
2 b  
b
2 0
b
2
b
2 b b b
S9 −
c
2
b−c
3
b−2c
3
b−c
2 −
c
2 b
b−c
2 b −
c
2
!"#
%
b− c b− c b−c2
2b−c
2
2b−c
2
2b−c
2
S10 0
b−c
2 0
b−c
2 0
b−c
2 0
b−c
2 0 b− c
!"#
%
b− c b−c2 b− c b− c b− c
S11 −
c
2
b−c
2
b−2c
3
b−c
2 −
c
2
b−c
2
b−2c
3
b−c
2 −
c
2 b− c b− c !"#
2b−3c
4 b− c b− c b− c
S12 −
c
2
b−2c
4
b−2c
4
b−c
2 −
c
2
b−c
2
b−c
2
3b−2c
4 −
c
2
b−c
2
b−c
2
3b−2c
4
!"#
%
2b−c
2
2b−c
2
2b−c
2
S13 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 −c
b−2c
2 b− c b− c
b−2c
2 !"# b− c b− c
S14 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 −c
b−2c
2 b− c b− c
b−2c
2 b− c !"# b− c
S15 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 −c
b−2c
2 b− c b− c
b−2c
2 b− c b− c !"#

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
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4 b 0 0 −b 0 −b 0 0 b
b
4 0 0 0 0
S1
c
4
!"#
$
−3b+c
4
c
2
c
4 −3b− 2c −3b− 3c −2b− 2c
c
4
4b−c
9
−b+c
2
b+3c
4 −
3c
8 −c −c −c
S2 −c
−b+3c
4 %!"%#
c
2 −c
b+c
2 3b− 3c
3b+c
4 −c −
4b+c
9 3b− 2c −
b+c
9 −
3c
8
c
4
c
4
c
4
S3 0 −
b
2 −
b
2  0 0 0
b
2 0 0 0
b
2 0 0 0 0
S4 0 −
b
4 b 0  −b 0 −b 0 0 b
b
4 0 0 0 0
S5 c 2b+ 3c −
b+c
2 0 c  −2b− 3c −2b− 3c c 2b+ 3c 0
b+c
2 0 −c −c −c
S6 0 3b+ 3c 3b− 3c 0 0 3b+ 2c  
−b+4c
9 0 0 3b− 2c −
b+4c
9 0 0 0 0
S7 c 2b+ 2c −
b+3c
4 −
c
2 c 3b+ 2c
−4b+c
9
"!&#
$
c 3b+ 3c b−c2
3b−c
4
3c
8 −
c
4 −
c
4 −
c
4
S8 0 −
b
4 b 0 0 −b 0 −b  0 b
b
4 0 0 0 0
S9 0
b−4c
9
b+4c
9 0 0 −3b− 2c 0 −3b− 3c 0  −3b+ 2c −3b+ 3c 0 0 0 0
S10 −c
−b+c
2 2b− 3c 0 −c 0 2b− 3c
b−c
2 −c −2b+ 3c  −2b+ 3c 0 c c c
S11 −
c
4 −
3b+c
4
b+c
9 −
c
2 −
c
4 −
b+c
2
4b+c
9
b−3c
4 −
c
4 −3b+ 3c −3b+ 2c "%!&%#
3c
8 c c c
S12 0
3b
8
3b
8 0 0 0 0 −
3b
8 0 0 0 −
3b
8  0 0 0
S13 0 b −
b
4 0 0 b 0
b
4 0 0 −b −b 0  0 0
S14 0 b −
b
4 0 0 b 0
b
4 0 0 −b −b 0 0  0
S15 0 b −
b
4 0 0 b 0
b
4 0 0 −b −b 0 0 0  

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
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
2 b
b
2 b 0
b
2 0
b
2
b
2 b
b
2 b
S1 −
c
2
!"#
$
b−c
2
b−c
2
b−c
3 b b b −
c
2
b−c
3
b−c
2
b−c
2
2b−c
4 b b b
S2 0
b−c
2  
b−c
2 0
b−c
2 0
b−c
2 0
2b−c
3 0
2b−c
3
2b−c
4
2b−c
2
2b−c
3
2b−c
2
S3 −
c
2
b−c
2
b−c
2
!"#
%
− c2
b−c
2
b−c
2
b−c
2 −
c
2
b−c
2
b−c
2
b−c
2
b−c
2
2b−c
2
2b−c
2
2b−c
2
S4 −
c
2
b−c
3 0
b
2
!"#
$
b 2b3 b −
c
3
2b−c
5 0
b
2
3b−c
6 b
2b
3 b
S5 −c −c
b−c
2
b−c
2 −c
!"#
%
b b −c −c b−c2
b−c
2
b−c
2 b b b
S6 −
c
2 −c 0
b−c
2 −
2c
3 −c
!"#
%
2b−2c
3 −
c
3
b−c
2 0
2b−c
3
b−c
2
4b−3c
5
4b−2c
5
2b−c
2
S7 −c −c
b−c
2
b−c
2 −c −c
2b−2c
3
%!"%#
$
−c −c b−c2
b−c
2
2b−3c
4
2b−2c
3
2b−c
2
2b−c
2
S8 0
b
2 0
b
2
b
3 b
b
3 b  
3b−c
5 0
2b−c
3
3b−c
6
3b−c
3
2b−c
3
2b−c
2
S9 −
c
2
b−c
3
b−2c
3
b−c
2
b−2c
5 b
b−c
2 b
b−3c
5
!"#
%
b− c b− c b−c2
3b−c
3
3b−2c
3
2b−c
2
S10 0
b−c
2 0
b−c
2 0
b−c
2 0
b−c
2 0 b− c
!"#
%
b− c b−c2 b− c b− c b− c
S11 −
c
2
b−c
2
b−2c
3
b−c
2 −
c
2
b−c
2
b−2c
3
b−c
2
b−2c
3 b− c b− c !"#
2b−3c
4 b− c b− c b− c
S12 −
c
2
b−2c
4
b−2c
4
b−c
2
b−3c
6
b−c
2
b−c
2
3b−2c
4
b−3c
6
b−c
2
b−c
2
3b−2c
4
!"#
%
5b−3c
6
5b−3c
6
2b−c
2
S13 −c −c
b−2c
2
b−2c
2 −c −c
3b−4c
5
2b−2c
3
b−3c
3
b−3c
3 b− c b− c
3b−5c
6
%!"%#
$
3b−2c
3
2b−c
2
S14 −
c
2 −c
b−2c
3
b−2c
2 −
2c
3 −c
2b−4c
5
b−2c
2
b−2c
3
2b−3c
3 b− c b− c
3b−5c
6
2b−3c
3 !"# b− c
S15 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2
b−2c
2
b−2c
2 b− c b− c
b−2c
2
b−2c
2 b− c !"#


 !!"#$%&' ()*+,  #-./&"./.&$.0 12&3-"2&4536., 7.8#./ "& $./  %ﬀ300%&' $.0 ."'.&.& :%'.0; <2&0-3&-./  &-."#
=
*

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S1 0  
−3b+c
4 c 0 0 −b− c 0
b
2
b−c
9
−b+c
4
b+3c
4 −
c
8 0 −b− c 0
S2 0
−b+3c
4  c b− c
b+c
4 b− c
3b+c
4 0 −
b+c
9 0 0 −
c
8 −
b
2 0 0
S3 0 −b −b  
b
2 0 0 b
b
2 0 0 b 0 −
b
2 −
b
2 0
S4 0 0 b− c −
c
2  0 −
b+3c
9 0
3b−c
9
b−3c
25 b− c −
c
2 −
c
9 0 −
b+3c
9 0
S5 0 0 −
b+c
4 0 0  −b− c 0 b+ c b+ c 0
b+c
4 0 0 −b− c 0
S6 0 b+ c b− c 0
3b+c
9 b+ c  
−b+c
9
3b−c
9 0 b− c −
b+c
9 0
−3b+c
25 −
3b+c
25 0
S7 0 0 −
b+3c
4 −c 0 0
−b+c
9  b+ c b+ c
b−c
4
3b−c
4
c
8 0 −
b
2 0
S8 0 −
c
2 0 −
c
2
b−3c
9 −b− c
b−3c
9 −b− c  −
b+3c
25 0 0 −
c
9 −
3b+c
9 0 0
S9 0
b−c
9
b+c
9 0
3b−c
25 −b− c 0 −b− c
3b+c
25  −b+ c −b+ c 0 −
3b+c
9
−3b+c
9 0
S10 0
−b+c
4 0 0 b− c 0 b− c
b−c
4 0 −b+ c  0 0 −b+ c 0 0
S11 0 −
3b+c
4 0 −c
b
2 −
b+c
4
b+c
9
b−3c
4 0 −b+ c 0  
c
8 −b+ c 0 0
S12 0
b
8
b
8 0
b
9 0 0 −
b
8
b
9 0 0 −
b
8  −
b
9 −
b
9 0
S13 0 0
c
2
c
2 0 0
−b+3c
25 0
b+3c
9
b+3c
9 −b+ c −b+ c
c
9  
−3b+c
9 0
S14 0 b+ c 0
c
2
3b+c
9 b+ c
b+3c
25
c
2 0
−b+3c
9 0 0
c
9
−b+3c
9  0
S15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
3 b
b
2 b 0
b
2 0
b
2
b
2 b
2b
3 b
S1 −
c
2
!"#
$
b−c
2
b−c
2
b−3c
7 b b b −
c
2
b−c
3
b−c
2
b−c
2
2b−c
4 b b b
S2 0
b−c
2  
b−c
2 0
b−c
2 0
b−c
2 0
2b−c
3 0
2b−c
3
2b−c
4
2b−c
2
6b−3c
7
2b−c
2
S3 −
c
2
b−c
2
b−c
2
!"#
%
− c2
b−c
2
b−c
2
b−c
2 −
c
2
b−c
2
b−c
2
b−c
2
b−c
2
2b−c
2
2b−c
2
2b−c
2
S4 −
c
3
3b−c
7 0
b
2
!"#
&
b 3b5 b −
c
4
4b−c
9 0
b
2
4b−c
8 b
3b
4 b
S5 −c −c
b−c
2
b−c
2 −c
!"#
%
b b −c −c b−c2
b−c
2
b−c
2 b b b
S6 −
c
2 −c 0
b−c
2 −
3c
5 −c
!"#
%
2b−2c
3 −
2c
5
b−c
2 0
2b−c
3
b−c
2
8b−5c
9
8b−4c
9
2b−c
2
S7 −c −c
b−c
2
b−c
2 −c −c
2b−2c
3
%!"%#
$
−c −c b−c2
b−c
2
2b−3c
4
6b−4c
7
2b−c
2
2b−c
2
S8 0
b
2 0
b
2
b
4 b
2b
5 b  
5b−c
9 0
4b−c
7
4b−c
8
4b−c
4
3b−c
4
3b−c
3
S9 −
c
2
b−c
3
b−2c
3
b−c
2
b−4c
9 b
b−c
2 b
b−5c
9
!"#
%
b− c b− c b−c2
5b−2c
5
5b−3c
5
2b−c
2
S10 0
b−c
2 0
b−c
2 0
b−c
2 0
b−c
2 0 b− c
!"#
%
b− c b−c2 b− c b− c b− c
S11 −
c
2
b−c
2
b−2c
3
b−c
2 −
c
2
b−c
2
b−2c
3
b−c
2
b−4c
7 b− c b− c !"#
2b−3c
4 b− c b− c b− c
S12 −
c
2
b−2c
4
b−2c
4
b−c
2
b−4c
8
b−c
2
b−c
2
3b−2c
4
b−4c
8
b−c
2
b−c
2
3b−2c
4
!"#
%
7b−4c
8
7b−4c
8
2b−c
2
S13 −c −c
b−2c
2
b−2c
2 −c −c
5b−8c
9
4b−6c
7
b−4c
4
2b−5c
5 b− c b− c
4b−7c
8
$!"$#
&
4b−3c
4
3b−2c
3
S14 −
2c
3 −c
3b−6c
7
b−2c
2 −
3c
4 −c
4b−8c
9
b−2c
2
b−3c
4
3b−5c
5 b− c b− c
4b−7c
8
3b−4c
4 !"# b− c
S15 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2
b−3c
3
b−2c
2 b− c b− c
b−2c
2
2b−3c
3 b− c !"#

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
∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4
b 0 − b
9
−b 0 −b 0 0 b b
4
0 0 b
9
0
S1
c
4
!"#
$
−3b+c
2
3c
2
2b+2c
7
−3b − 2c −4b− 4c −2b − 2c 2b+c
4
5b−2c
9
−3b+3c
4
b+3c
2
− c
2
−c −b − 2c −c
S2 −c
−b+3c
2
%!"%#
3c
2
b− 2c 3b+3c
4
4b− 4c 3b+c
2
−c − 5b+2c
9
3b − 2c − b+c
9
− c
2
−2b+c
4
−2b+2c
7
c
4
S3 0 −
3b
2
− 3b
2
 
b
2
0 0 3b
2
b
2
0 0 3b
2
0 − b
2
− b
2
0
S4
c
9
−2b−2c
7
2b− c − c
2
"!&#
'(
− 5b+2c
3
− 4b+10c
25
−b 4b−c
16
5b−8c
81
2b− c b−2c
4
− c
32
0 − b+4c
16
0
S5 c 2b + 3c −
3b+3c
4
0 2b+5c
3
 −3b− 4c −2b − 3c b + 2c 3b + 4c 0 3b+3c
4
0 − 2b+5c
3
−b − 2c −c
S6 0 4b + 4c 4b − 4c 0
10b+4c
25
4b + 3c  −2b+5c
9
10b−4c
25
0 4b − 3c − 2b+5c
9
0 −8b+5c
81
− 8b+5c
81
0
S7 c 2b + 2c −
b+3c
2
− 3c
2
c 3b + 2c −5b+2c
9
"!&#
$
b + 2c 4b + 4c 3b−3c
4
3b−c
2
c
2
− 2b+2c
7
− 2b+c
4
− c
4
S8 0 −
b+2c
4
b − c
2
b−4c
16
−2b− c 4b−10c
25
−2b− c  − 5b+8c
81
5b−2c
3
2b−2c
7
− c
32
− 4b+c
16
b+c
16
c
9
S9 0
2b−5c
9
2b+5c
9
0 8b−5c
81
−4b − 3c 0 −4b − 4c 8b+5c
81
 −4b + 3c −4b + 4c 0 − 10b+4c
25
−10b+4c
25
0
S10 −c
−3b+3c
4
2b − 3c 0 b− 2c 0 3b− 4c 3b−3c
4
2b−5c
3
−3b + 4c  −2b + 3c 0 −b + 2c −2b+5c
3
c
S11 −
c
4
− 3b+c
2
b+c
9
− 3c
2
2b−c
4
− 3b+3c
4
5b+2c
9
b−3c
2
2b−2c
7
−4b + 4c −3b + 2c "%!&%# c
2
−b + 2c c c
S12 0
b
2
b
2
0 b
32
0 0 − b
2
b
32
0 0 − b
2
 − b
32
− b
32
0
S13 0 b
−b+2c
4
c
2
0 5b+2c
3
−5b+8c
81
2b+2c
7
b+4c
16
4b+10c
25
−2b + c −2b + c c
32
!"#
'(
−4b+c
16
− c
9
S14 −
c
9
2b + c −2b+2c
7
c
2
4b+c
16
2b + c 5b+8c
81
b+2c
4
− b+c
16
−4b+10c
25
−5b+2c
3
−b c
32
−b+4c
16
 0
S15 0 b −
b
4
0 0 b 0 b
4
− b
9
0 −b −b 0 b
9
0  


 !!"#$%&' ()*+,  #-./&"./.&$.0 12&3-"2&4536., 5#."78./ 9.8#./ "& $./  %ﬀ300%&' $.0 ."'.&.& %&$ $.0 '.'&./"078.& ;%'.0<
#"&.3/./  &-."# "& µ = ν
=
(


∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2 0 b
b
2 b 0
b
2 0
b
2
b
2 b b b
S1
b−c
2
!"#$
%
2b−c
3
2b−c
4
b−c
2
4b−c
6 b
4b−c
6
b−c
2
4b−c
6
2b−c
3
4b−c
6
3b−c
4 b b b
S2 0
2b−c
3
!"#$
&
2b−c
2 0
4b−c
6 0
4b−c
6 0
2b−c
3
2b−c
3
2b−c
2
4b−c
8
4b−c
4
4b−c
4
4b−c
4
S3
b−c
2
2b−c
4
2b−c
2
'"#&$
(
b−c
2
2b−c
4
6b−3c
8
2b−c
4
b−c
2
6b−3c
8
2b−c
2
2b−c
2
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S4 0
b
2 0
b
2  b
b
2 b 0
b
2 0
b
2
b
2 b b b
S5 b− c
4b−3c
6
4b−3c
6
2b−c
4 b− c
'"#&$
(
6b−3c
8
4b−c
6 b− c
6b−3c
8
6b−3c
8
4b−c
6
2b−c
2 b b b
S6
b−c
2 b− c 0
6b−3c
8
b−c
2
6b−3c
8  
4b−c
6
b−c
2 b− c
6b−3c
8
2b−c
2
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S7 b− c
4b−3c
6
4b−3c
6
2b−c
4 b− c
4b−3c
6
4b−3c
6
!"#$
%
b− c b− c 2b−c2
2b−c
2
8b−5c
8
4b−c
4
4b−c
4
4b−c
4
S8 0
b
2 0
b
2 0 b
b
2 b  
b
2 0
b
2
b
2 b b b
S9
b−c
2
4b−3c
6
2b−c
3
6b−3c
8
b−c
2
6b−3c
8 b b
b−c
2
!"#$
!
6b−3c
8
2b−c
2
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S10 0
2b−c
3
2b−c
3
2b−c
2 0
6b−3c
8
6b−3c
8
2b−c
2 0
6b−3c
8
'"#&$
(
2b−c
2
2b−c
4
2b−c
2
2b−c
2
2b−c
2
S11
b−c
2
4b−3c
6
2b−c
2
2b−c
2
b−c
2
4b−3c
6
2b−c
2
2b−c
2
b−c
2
2b−c
2
2b−c
2
!"#$
!
3b−2c
4
2b−c
2
2b−c
2
2b−c
2
S12
b−c
2
3b−2c
4
4b−3c
8
6b−3c
8
b−c
2
2b−c
2
6b−3c
8
8b−3c
8
b−c
2
6b−3c
8
2b−c
4
3b−c
4
'"#&$
(
4b−c
4
4b−c
4
4b−c
4
S13 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4 b− c
4b−3c
4
2b−c
2
2b−c
2
4b−3c
4
!"#$
!
2b−c
2
2b−c
2
S14 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4 b− c
4b−3c
4
2b−c
2
2b−c
2
4b−3c
4
2b−c
2
!"#$
!
2b−c
2
S15 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4 b− c
4b−3c
4
2b−c
2
2b−c
2
4b−3c
4
2b−c
2
2b−c
2
!"#$
!

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4 b 0 0 −b 0 −b 0 0 b
b
4 0 0 0 0
S1
−b+c
4  −
4b+c
18
c
4
−b+c
4
−c
6 −
4b+5c
2
2b+c
18
−b+c
4 −
2b+7c
18
c
6
b−c
9 −
b+c
8 −
c
2 −
c
2 −
c
2
S2 b− c
−4b+5c
18
!"#$%
&
−b+c
2 b− c −
c
6 5b− 2c
8b−5c
18 b− c
2b+2c
9
c
6
−2b+3c
4
8b−7c
16
c
8
c
8
c
8
S3 0 −
c
4 −
b
2  0
2b−c
4 0
b
2 0 0
−2b+c
4
c
4 0 0 0 0
S4 0 −
b
4 b 0  −b 0 −b 0 0 b
b
4 0 0 0 0
S5 −b+ c
c
6
c
6
2b−c
4 −b+ c  0
b−c
3 −b+ c 0 0
b−c
3
−2b+c
4 −
c
2 −
c
2 −
c
2
S6 0
−4b+9c
2 5b− 3c 0 0 0 '#!"%
10b−13c
18 0
−2b+7c
2 0
−2b+2c
3 0 0 0 0
S7 −b+ c
2b−3c
18
8b−3c
18
b−c
2 −b+ c
b
3
10b+3c
18
"#!%
"
−b+ c −b+ 4c − b3
−b+c
3
−8b+7c
16 −
c
8 −
c
8 −
c
8
S8 0 −
b
4 b 0 0 −b 0 −b  0 b
b
4 0 0 0 0
S9 0
−2b+9c
18
2b−4c
9 0 0 0 −
2b+5c
2 −b− 3c 0 !"#$% 0
−4b+3c
2 0 0 0 0
S10 b− c −
c
6 −
c
6
−2b+c
4 b− c 0 0
−b+c
3 b− c 0  
−b+c
3
2b−c
4
c
2
c
2
c
2
S11
b−c
4
b
9 −
2b+c
4 −
c
4
b−c
4
b
3 −
2b
3 −
b
3
b−c
4
−4b+c
2 −
b
3  
b+c
8
c
2
c
2
c
2
S12 0
−b+2c
8
8b−c
16 0 0
−2b+c
4 0
−8b+c
16 0 0
2b−c
4
b−2c
8  0 0 0
S13 0
c
2 −
c
8 0 0
c
2 0
c
8 0 0 −
c
2 −
c
2 0  0 0
S14 0
c
2 −
c
8 0 0
c
2 0
c
8 0 0 −
c
2 −
c
2 0 0  0
S15 0
c
2 −
c
8 0 0
c
2 0
c
8 0 0 −
c
2 −
c
2 0 0 0  
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
2 b
b
2 b 0
b
2 0
b
2
b
2 b
b
2 b
S1
b−c
2
!"#$
%
2b−c
3
2b−c
4
b−c
2 b b b
b−c
2
4b−c
6
2b−c
3
4b−c
6
3b−c
4 b b b
S2 0
2b−c
3  
2b−c
2 0
4b−c
6 0
4b−c
6 0
2b−c
3 0
2b−c
2
4b−c
8
4b−c
4
4b−c
4
4b−c
4
S3
b−c
2
2b−c
4
2b−c
2
&"#'$
(
b−c
2
2b−c
4
6b−3c
8
2b−c
4
b−c
2
6b−3c
8
2b−c
2
2b−c
2
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S4
b−c
2
b
2 0
b
2
!"#$
'
b b2 b
b−c
3
b
2 0
b
2
4b−c
6 b
2b
3 b
S5 b− c b− c
4b−3c
6
2b−c
4 b− c
&"#'$
(
6b−3c
8 b b− c
6b−3c
8
6b−3c
8
4b−c
6
2b−c
2 b b b
S6
b−c
2 b− c 0
6b−3c
8
b−c
2
6b−3c
8  
4b−c
6
b−c
2 b− c
6b−3c
8
2b−c
2
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S7 b− c b− c
4b−3c
6
2b−c
4 b− c b− c
4b−3c
6
!"#$
%
b− c b− c 2b−c2
2b−c
2
8b−5c
8
4b−c
4
4b−c
4
4b−c
4
S8 0
b
2 0
b
2
b
3 b
b
2 b  
b
2 0
b
2
6b−c
12
6b−c
6
4b−c
6
4b−c
4
S9
b−c
2
4b−3c
6
2b−c
3
6b−3c
8
b−c
2
6b−3c
8 b b
b−c
2
!"#$
!
6b−3c
8
2b−c
2
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S10 0
2b−c
3 0
2b−c
2 0
6b−3c
8
6b−3c
8
2b−c
2 0
6b−3c
8
&"#'$
(
2b−c
2
2b−c
4
2b−c
2
2b−c
2
2b−c
2
S11
b−c
2
4b−3c
6
2b−c
2
2b−c
2
b−c
2
4b−3c
6
2b−c
2
2b−c
2
b−c
2
2b−c
2
2b−c
2
!"#$
!
3b−2c
4
2b−c
2
2b−c
2
2b−c
2
S12
b−c
2
3b−2c
4
4b−3c
8
6b−3c
8
4b−3c
6
2b−c
2
6b−3c
8
8b−3c
8
6b−5c
12
6b−3c
8
2b−c
4
3b−c
4
&"#'$
(
3b−c
3
10b−3c
12
4b−c
4
S13 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
6b−5c
6
4b−3c
4
2b−c
2
2b−c
2
3b−2c
3
!"#$
!
3b−c
3
4b−c
4
S14
b−c
2 b− c
4b−3c
4
4b−3c
4
2b−2c
3 b− c
4b−3c
4
4b−3c
4
4b−3c
6
4b−3c
4
2b−c
2
2b−c
2
10b−7c
12
3b−2c
3
!"#$
!
2b−c
2
S15 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
4b−3c
4
4b−3c
4
2b−c
2
2b−c
2
4b−3c
4
4b−3c
4
2b−c
2
!"#$
!
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S1 0  −
2b+c
6
2b+c
4
b+2c
4
0 −b− c 0 b+c
4
− 2b+c
9
−2b+c
18
0 − b
8
0 −b− c 0
S2 0
−2b+3c
6
 
−6b+5c
4
4b−c
2
2b−2c
9
4b−c
2
2b−c
3
0 2b+5c
18
0 −2b+3c
4
4b−3c
16
−4b+c
8
− 4b+c
8
0
S3 0
2b−3c
4
−6b+c
4
 
c
4
2b−c
4
0 6b−c
4
b
2
0 −2b+c
4
−2b+3c
4
0 − b
2
− c
4
0
S4 0
b−3c
4
4b−3c
2
− c
4
!"#$%
&
0 3b−3c
4
0 10b−c
18
3b−4c
8
6b−3c
2
b−c
4
− 2b+c
36
0 2b−9c
18
0
S5 0 0
2b
9
2b−c
4
0  0 0 −2b+5c
2
0 0 2b−2c
9
−2b+c
4
0 − 2b+3c
2
0
S6 0 −b+ 2c
4b−3c
2
0 3b
4
0 '#!"% 4b−4c
9
b+2c
4
−2b+7c
2
0 −2b+3c
6
0 − 8b+c
16
− 4b+5c
16
0
S7 0 0
2b−c
3
6b−5c
4
0 0 4b
9
"#!%
"
3c
2
3c
2
−2b+c
6
−2b+3c
6
−4b+3c
16
− 4b+3c
8
− 3c
8
0
S8 0
b−2c
4
0 b−c
2
10b−9c
18
− 2b+3c
2
b−3c
4
− 3c
2
 
3b−5c
8
0 3b−3c
4
6b−5c
36
− 6b+5c
18
2b+c
18
0
S9 0
−2b+3c
9
2b−7c
18
0 3b+c
8
0 − 2b+5c
2
− 3c
2
3b+2c
8
!"#$% 0 −b+ c 0 − 4b+c
8
− 4b+3c
8
0
S10 0
−2b+c
18
0 −2b+c
4
6b−3c
2
0 0 −2b+c
6
0 0  0 2b−c
4
−2b+c
2
0 0
S11 0 0 −
2b+c
4
− 2b+c
4
b
4
2b
9
− 2b+c
6
− 2b+c
6
3b
4
−b 0  b
8
−b 0 0
S12 0
−b+c
8
4b−c
16
0 −2b+3c
36
−2b+c
4
0 −4b+c
16
6b−c
36
0 2b−c
4
b−c
8
 
−6b+c
36
2b−3c
36
0
S13 0 0
−4b+3c
8
−b+c
2
0 0 −8b+9c
16
−4b+7c
8
−6b+11c
18
−4b+5c
8
−2b+c
2
−b+ c −6b+5c
36
 − 6b+c
18
0
S14 0 −b+ 2c
−4b+5c
8
c
4
2b+7c
18
−2b+5c
2
−4b+9c
16
3c
8
2b−3c
18
−4b+7c
8
0 0 2b+c
36
−6b+7c
18
 0
S15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
3 b
b
2 b 0
b
2 0
b
2
b
2 b
2b
3 b
S1
b−c
2
!"#$
%
2b−c
3
2b−c
4
b−c
2
5b−c
7 b
6b−c
8
b−c
2
4b−c
6
2b−c
3
4b−c
6
3b−c
4 b b b
S2 0
2b−c
3
!"#$
%
2b−c
2 0
4b−c
6 0
4b−c
6 0
2b−c
3
4b−2c
7
2b−c
2
4b−c
8
4b−c
4
4b−c
4
4b−c
4
S3
b−c
2
2b−c
4
2b−c
2
&"#'$
(
b−c
2
2b−c
4
6b−3c
8
2b−c
4
b−c
2
6b−3c
8
2b−c
2
2b−c
2
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S4
b−c
3
b
2 0
b
2
!"#$
%
b b2 b
b−c
4
b
2 0
b
2
5b−c
8 b
3b
4 b
S5 b− c
5b−4c
7
4b−3c
6
2b−c
4 b− c
&"#'$
(
6b−3c
8
5b−c
7 b− c
6b−3c
8
6b−3c
8
4b−c
6
2b−c
2 b b b
S6
b−c
2 b− c 0
6b−3c
8
b−c
2
6b−3c
8  
4b−c
6
b−c
2 b− c
6b−3c
8
2b−c
2
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S7 b− c
6b−5c
8
4b−3c
6
2b−c
4 b− c
5b−4c
7
4b−3c
6
!"#$
%
b− c b− c 2b−c2
2b−c
2
8b−5c
8
4b−c
4
4b−c
4
4b−c
4
S8 0
b
2 0
b
2
b
4 b
b
2 b  
b
2 0
b
2
8b−c
16
8b−c
8
6b−c
8
6b−c
6
S9
b−c
2
4b−3c
6
2b−c
3
6b−3c
8
b−c
2
6b−3c
8 b b
b−c
2
!"#$
!
6b−3c
8
2b−c
2
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S10 0
2b−c
3
4b−2c
7
2b−c
2 0
6b−3c
8
6b−3c
8
2b−c
2 0
6b−3c
8
&"#'$
(
2b−c
2
2b−c
4
2b−c
2
2b−c
2
2b−c
2
S11
b−c
2
4b−3c
6
2b−c
2
2b−c
2
b−c
2
4b−3c
6
2b−c
2
2b−c
2
b−c
2
2b−c
2
2b−c
2
!"#$
!
3b−2c
4
2b−c
2
2b−c
2
2b−c
2
S12
b−c
2
3b−2c
4
4b−3c
8
6b−3c
8
5b−4c
8
2b−c
2
6b−3c
8
8b−3c
8
8b−7c
16
6b−3c
8
2b−c
4
3b−c
4
&"#'$
(
16b−5c
16
7b−2c
8
4b−c
4
S13 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
8b−7c
8
4b−3c
4
2b−c
2
2b−c
2
16b−11c
16
!"#$
!
8b−3c
8
3b−c
3
S14
2b−2c
3 b− c
4b−3c
4
4b−3c
4
3b−3c
4 b− c
4b−3c
4
4b−3c
4
6b−5c
8
4b−3c
4
2b−c
2
2b−c
2
7b−5c
8
8b−5c
8
!"#$
!
2b−c
2
S15 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
6b−5c
6
4b−3c
4
2b−c
2
2b−c
2
4b−3c
4
3b−2c
3
2b−c
2
!"#$
!


 !!"#$%&' ()*(+ ,"-%#./&01 ,&23$4"5.67/-0+ 7#0"8904 :09#04 "& $04  %ﬀ/11%&' $01 0"'0&0& %&$ $01 '0'&04"1890& <%'01=
>2&1./&.04  &.0"#
?
@


∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4
b 0 − b
9
−b 0 −b 0 0 b b
4
0 0 b
9
0
S1
−b+c
4
 − 5b+2c
9
b+c
2
b+10c
12
− 3b+5c
49
− 6b+7c
2
2b+c
8
c
2
− 2b+3c
6
−b+2c
9
b−c
9
− 2b+c
8
− c
2
− 2b+3c
2
− c
2
S2 b− c
−5b+7c
9
!"#$%
&
−8b+7c
4
6b−3c
2
4b−7c
18
14b−5c
2
20b−11c
18
b− c 2b+3c
6
−b+11c
49
−2b+3c
2
6b−5c
8
−2b+c
4
−16b+c
24
c
8
S3 0
b−2c
2
−8b+c
4
 
c
4
2b−c
2
0 8b−c
4
b
2
0 −2b+c
2
−b+2c
2
0 − b
2
− c
4
0
S4
−b+c
9
b−11c
12
6b−3c
2
− c
4
!"#$%
&
−b 5b−6c
8
−b 7b−c
16
7b−10c
16
8b−3c
2
2b−c
4
−3b+c
32
0 b−6c
16
0
S5 −b + c
−3b+8c
49
4b+3c
18
2b−c
2
−b + c  0 36b−31c
98
−4b+7c
2
0 0 5b−5c
9
−2b+c
2
− c
2
−b− 2c − c
2
S6 0
−6b+13c
2
14b−9c
2
0 5b+c
8
0 '#!&% 6b−7c
6
3b+3c
8
−2b + 7c 0 −6b+7c
6
0 − 16b+5c
32
− 12b+9c
32
0
S7 −b + c
2b−3c
8
20b−9c
18
8b−7c
4
−b + c 36b−5c
98
6b+c
6
"#!%
−2b+5c
2
−2b+11c
2
−4b+c
6
−4b+5c
6
−6b+5c
8
− 4b+5c
8
− c
2
− c
8
S8 0 −
c
2
b b−c
2
7b−6c
16
− 4b+3c
2
3b−6c
8
− 2b+3c
2
 
7b−11c
16
b 13b−10c
12
8b−5c
64
− 8b+7c
32
2b+c
8
c
18
S9 0
−2b+5c
6
2b−5c
6
0 7b+3c
16
0 −2b− 5c − 2b+9c
2
7b+4c
16
!&#$"% 0 −6b+5c
2
0 − 8b+3c
16
− 8b+5c
16
0
S10 b− c −
b+c
9
− b+10c
49
−2b+c
2
8b−5c
2
0 0 −4b+3c
6
b− c 0  −4b+5c
14
2b−c
2
−b + c c
2
c
2
S11
b−c
4
b
9
− 2b+c
2
− b+c
2
2b−c
4
5b
9
− 6b+c
6
− 4b+c
6
13b−3c
12
−6b+c
2
− 4b+c
14
 
2b+c
8
−2b+c
2
c
2
c
2
S12 0
−2b+3c
8
6b−c
8
0 −3b+2c
32
−2b+c
2
0 −6b+c
8
8b−3c
64
0 2b−c
2
2b−3c
8
 
−8b+3c
64
3b−2c
32
0
S13 0
c
2
−2b+c
4
−b+c
2
0 c
2
−16b+21c
32
−4b+9c
8
−8b+15c
32
−8b+11c
16
−b −2b+c
2
−8b+5c
64
 − 8b+c
32
− c
18
S14
b−c
9
−2b+5c
2
−16b+15c
24
c
4
b+5c
16
−b + 3c −12b+21c
32
c
2
2b−3c
8
−8b+13c
16
− c
2
− c
2
3b−c
32
−8b+9c
32
 0
S15 0
c
2
− c
8
0 0 c
2
0 c
8
− c
18
0 − c
2
− c
2
0 c
18
0  
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2 0 b
b
2 b 0
b
2 0
b
2
b
2 b b b
S1
b−c
2
!"#$
 
2b−c
4
2b−c
4
b−c
2 b b b
b−c
2
2b−c
3
2b−c
4
2b−c
4
3b−c
4 b b b
S2 0
2b−c
2 !
2b−c
2 0
2b−c
2 0
2b−c
2 0
4b−c
6 0
4b−c
6
4b−c
8
4b−c
4
4b−c
4
4b−c
4
S3
b−c
2
2b−c
2
2b−c
4
"#$ %
&
b−c
2
2b−c
2
6b−3c
8
2b−c
2
b−c
2
6b−3c
8
2b−c
4
2b−c
4
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S4 0
b
2 0
b
2 ! b
b
2 b 0
b
2 0
b
2
b
2 b b b
S5 b− c b− c
2b−c
4
2b−c
4 b− c
'#$%
'
b b b− c b− c 2b−c4
2b−c
4
2b−c
2 b b b
S6
b−c
2 b− c 0
6b−3c
8
b−c
2 b− c
"#$ %
&
2b−c
2
b−c
2
6b−3c
8 0
4b−c
6
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S7 b− c b− c
2b−c
4
2b−c
4 b− c b− c
2b−c
2
'#$%
'
b− c b− c 2b−c4
2b−c
4
8b−5c
8
4b−c
4
4b−c
4
4b−c
4
S8 0
b
2 0
b
2 0 b
b
2 b !
b
2 0
b
2
b
2 b b b
S9
b−c
2
2b−c
3
4b−3c
6
6b−3c
8
b−c
2 b
6b−3c
8 b
b−c
2
"#$ %
&
2b−c
2
2b−c
2
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S10 0
2b−c
2 0
2b−c
2 0
2b−c
2 0
2b−c
2 0
2b−c
2
'#$%
(
2b−c
2
2b−c
4
2b−c
2
2b−c
2
2b−c
2
S11
b−c
2
2b−c
2
4b−3c
6
2b−c
2
b−c
2
2b−c
2
4b−3c
6
2b−c
2
b−c
2
2b−c
2
2b−c
2
'#$%
'
3b−2c
4
2b−c
2
2b−c
2
2b−c
2
S12
b−c
2
3b−2c
4
4b−3c
8
6b−3c
8
b−c
2
2b−c
2
6b−3c
8
8b−3c
8
b−c
2
6b−3c
8
2b−c
4
3b−c
4
"#$ %
&
4b−c
4
4b−c
4
4b−c
4
S13 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4 b− c
4b−3c
4
2b−c
2
2b−c
2
4b−3c
4
'#$%
'
2b−c
2
2b−c
2
S14 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4 b− c
4b−3c
4
2b−c
2
2b−c
2
4b−3c
4
2b−c
2
'#$%
'
2b−c
2
S15 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4 b− c
4b−3c
4
2b−c
2
2b−c
2
4b−3c
4
2b−c
2
2b−c
2
'#$%
'


 !!"#$%&' ()*+,  #-./&"./.&$.0 1&23$/"4-5678., 9.:#./ "& $./  %ﬀ700%&' $.0 6.'&./0< =2&0-7&-./  &-."#
>
?

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4 b 0 0 −b 0 −b 0 0 b
b
4 0 0 0 0
S1
−b+c
4
!"#$%
&'
−2b+c8
c
4
−b+c
4 −b− 2c −2b− 2c −
2b+3c
2
−b+c
4
−b+2c
9 0
2b+3c
8 −
b+c
8 −
c
2 −
c
2 −
c
2
S2 b− c
−4b+3c
4
(#!)%
"
−b+c
2 b− c
−2b+3c
4
10b−5c
2
c
2 b− c
4b−7c
18 3b− c
2b−2c
9
8b−7c
16
c
8
c
8
c
8
S3 0 −
b
2 −
c
4  0
−2b+c
4 0
c
4 0 0
2b−c
4
b
2 0 0 0 0
S4 0 −
b
4 b 0  −b 0 −b 0 0 b
b
4 0 0 0 0
S5 −b+ c
−4b+7c
2
2b−3c
4
2b−c
4 −b+ c
!"#$%
*
−b− 2c −b− 2c −b+ c −4b+7c2
2b−c
4
2b+c
4
−2b+c
4 −
c
2 −
c
2 −
c
2
S6 0
−2b+7c
2 4b− 2c 0 0
5c
2  
−b+c
3 0 0 3b− c
4b−7c
18 0 0 0 0
S7 −b+ c
−2b+5c
2
6b−7c
8
b−c
2 −b+ c
5c
2
−4b+c
6
!"#$%
(
−b+ c −2b+ 4c 2b−c2
6b−c
8
−8b+7c
16 −
c
8 −
c
8 −
c
8
S8 0 −
b
4 b 0 0 −b 0 −b  0 b
b
4 0 0 0 0
S9 0
4b−5c
18
−b+3c
9 0 0 −b− 2c 0 −
2b+5c
2 0  
−4b+c
2 −2b+ c 0 0 0 0
S10 b− c
−2b+c
2
8b−5c
2
−2b+c
4 b− c
−2b+c
4
8b−5c
2 0 b− c −b+ c
"#!%
*
−b+ c 2b−c4
c
2
c
2
c
2
S11
b−c
4 −
2b+c
4
2b
9 −
c
4
b−c
4 −
2b+c
4
5b
9 −
c
4
b−c
4
−2b+c
2
−4b+c
2
!"#$%
"
b+c
8
c
2
c
2
c
2
S12 0
−b+2c
8
8b−c
16 0 0
−2b+c
4 0
−8b+c
16 0 0
2b−c
4
b−2c
8  0 0 0
S13 0
c
2 −
c
8 0 0
c
2 0
c
8 0 0 −
c
2 −
c
2 0  0 0
S14 0
c
2 −
c
8 0 0
c
2 0
c
8 0 0 −
c
2 −
c
2 0 0  0
S15 0
c
2 −
c
8 0 0
c
2 0
c
8 0 0 −
c
2 −
c
2 0 0 0  
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
2 b
b
2 b 0
b
2 0
b
2
b
2 b
b
2 b
S1
b−c
2
!"#$
%
2b−c
4
2b−c
4
2b−c
3 b b b
b−c
2
2b−c
3
2b−c
4
2b−c
4
3b−c
4 b b b
S2 0
2b−c
2  
2b−c
2 0
2b−c
2 0
2b−c
2 0
4b−c
6 0
4b−c
6
4b−c
8
4b−c
4
4b−c
6
4b−c
4
S3
b−c
2
2b−c
2
2b−c
4
&"#%$
'
b−c
2
2b−c
2
6b−3c
8
2b−c
2
b−c
2
6b−3c
8
2b−c
4
2b−c
4
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S4
b−c
2
2b−c
3 0
b
2
!"#$
%
b 2b3 b
b−c
3
3b−c
5 0
b
2
4b−c
6 b
2b
3 b
S5 b− c b− c
2b−c
4
2b−c
4 b− c
!"#$
!
b b b− c b− c 2b−c4
2b−c
4
2b−c
2 b b b
S6
b−c
2 b− c 0
6b−3c
8
2b−2c
3 b− c
&"#%$
'
2b−c
2
b−c
3
6b−3c
8 0
4b−c
6
6b−3c
8
5b−2c
5
4b−c
5
4b−c
4
S7 b− c b− c
2b−c
4
2b−c
4 b− c b− c
2b−c
2
!"#$
!
b− c b− c 2b−c4
2b−c
4
8b−5c
8
2b−c
2
4b−c
4
4b−c
4
S8 0
b
2 0
b
2
b
3 b
b
3 b  
6b−c
10 0
4b−c
6
6b−c
12
6b−c
6
4b−c
6
4b−c
4
S9
b−c
2
2b−c
3
4b−3c
6
6b−3c
8
3b−2c
5 b
6b−3c
8 b
6b−5c
10
&"#%$
'
2b−c
2
2b−c
2
6b−3c
8
6b−c
6
3b−c
3
4b−c
4
S10 0
2b−c
2 0
2b−c
2 0
2b−c
2 0
2b−c
2 0
2b−c
2
!"#$
(
2b−c
2
2b−c
4
2b−c
2
2b−c
2
2b−c
2
S11
b−c
2
2b−c
2
4b−3c
6
2b−c
2
b−c
2
2b−c
2
4b−3c
6
2b−c
2
4b−3c
6
2b−c
2
2b−c
2
!"#$
!
3b−2c
4
2b−c
2
2b−c
2
2b−c
2
S12
b−c
2
3b−2c
4
4b−3c
8
6b−3c
8
4b−3c
6
2b−c
2
6b−3c
8
8b−3c
8
6b−5c
12
6b−3c
8
2b−c
4
3b−c
4
&"#%$
'
3b−c
3
10b−3c
12
4b−c
4
S13 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
5b−3c
5
2b−c
2
6b−5c
6
6b−5c
6
2b−c
2
2b−c
2
3b−2c
3
!"#$
!
3b−c
3
4b−c
4
S14
b−c
2 b− c
4b−3c
6
4b−3c
4
2b−2c
3 b− c
4b−3c
5
4b−3c
4
4b−3c
6
3b−2c
3
2b−c
2
2b−c
2
10b−7c
12
3b−2c
3
!"#$
!
2b−c
2
S15 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
4b−3c
4
4b−3c
4
2b−c
2
2b−c
2
4b−3c
4
4b−3c
4
2b−c
2
!"#$
!
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
∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S1 0  −
2b+c
8
2b+c
4
0 0 − 2b+c
2
0 c
4
−2b+c
18
−2b+c
8
2b+3c
8
− b
8
0 − 2b+c
2
0
S2 0
−4b+3c
4
 
−6b+5c
4
2b− c c
4
2b− c c
2
0 2b−2c
9
0 0 4b−3c
16
− c
4
0 0
S3 0 −b −
c
2
 
b
2
0 0 c
2
c
4
0 0 b 0 − c
4
− b
2
0
S4 0 0
2b−c
2
− c
4
 0 − 2b+3c
18
0 2b+c
18
− 2b+c
50
2b−c
2
− c
4
− 2b+c
36
0 − 2b+3c
18
0
S5 0 0
2b−3c
8
2b−c
4
0  − 2b+c
2
0 −2b+3c
2
−2b+3c
2
0 2b+c
8
−2b+c
4
0 − 2b+c
2
0
S6 0 c
2b−c
2
0 2b+c
9
c  0 2b+c
18
0 2b−c
2
− 2b+c
18
0 − c
25
− 6b+c
50
0
S7 0 0
6b−7c
8
6b−5c
4
0 0 −2b+c
6
 
−2b+3c
2
−2b+3c
2
2b−c
8
6b−c
8
−4b+3c
16
0 − b
2
0
S8 0
b−c
2
0 b−c
2
4b−3c
9
−c 4b−3c
9
−c  4b−4c
25
0 0 6b−5c
36
− 2c
9
0 0
S9 0
2b−c
9
−2b+3c
18
0 4b−c
25
−c 0 −c −2b+5c
50
 
−2b+c
2
−2b+c
2
0 − 2c
9
−6b+c
18
0
S10 0
−2b+c
4
0 −2b+c
4
2b− c 0 2b− c 0 0 0  0 2b−c
4
0 0 0
S11 0 −
2b+c
4
0 − 2b+c
4
b
2
− c
4
2b
9
− c
4
0 0 0  b
8
0 0 0
S12 0
b
8
c
16
0 b
9
0 0 − c
16
c
18
0 0 − b
8
 − c
18
− b
9
0
S13 0 0
−b+c
2
−b+c
2
0 0 −10b+7c
50
0 −6b+7c
18
−6b+7c
18
−2b+c
2
−2b+c
2
−6b+5c
36
 
−6b+c
18
0
S14 0 c 0
c
4
2b+c
9
c 2b+c
25
c
4
0 c
9
0 0 2b+c
36
c
9
 0
S15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
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

∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
3 b
b
2 b 0
b
2 0
b
2
b
2 b
2b
3 b
S1
b−c
2
!"#$
%
2b−c
4
2b−c
4
4b−3c
7 b b b
b−c
2
2b−c
3
2b−c
4
2b−c
4
3b−c
4 b b b
S2 0
2b−c
2  
2b−c
2 0
2b−c
2 0
2b−c
2 0
4b−c
6 0
4b−c
6
4b−c
8
4b−c
4
12b−3c
14
4b−c
4
S3
b−c
2
2b−c
2
2b−c
4
&"#%$
'
b−c
2
2b−c
2
6b−3c
8
2b−c
2
b−c
2
6b−3c
8
2b−c
4
2b−c
4
6b−3c
8
4b−c
4
4b−c
4
4b−c
4
S4
b−c
3
4b−c
7 0
b
2
!"#$
(
b 3b5 b
b−c
4
5b−c
9 0
b
2
5b−c
8 b
3b
4 b
S5 b− c b− c
2b−c
4
2b−c
4 b− c
!"#$
!
b b b− c b− c 2b−c4
2b−c
4
2b−c
2 b b b
S6
b−c
2 b− c 0
6b−3c
8
3b−3c
5 b− c
&"#%$
'
2b−c
2
2b−2c
5
6b−3c
8 0
4b−c
6
6b−3c
8
3b−c
3
8b−2c
9
4b−c
4
S7 b− c b− c
2b−c
4
2b−c
4 b− c b− c
2b−c
2
!"#$
!
b− c b− c 2b−c4
2b−c
4
8b−5c
8
14b−5c
14
4b−c
4
4b−c
4
S8 0
b
2 0
b
2
b
4 b
2b
5 b  
10b−c
18 0
8b−c
14
8b−c
16
8b−c
8
6b−c
8
6b−c
6
S9
b−c
2
2b−c
3
4b−3c
6
6b−3c
8
5b−4c
9 b
6b−3c
8 b
10b−9c
18
&"#%$
'
2b−c
2
2b−c
2
6b−3c
8
5b−c
5
10b−3c
10
4b−c
4
S10 0
2b−c
2 0
2b−c
2 0
2b−c
2 0
2b−c
2 0
2b−c
2
!"#$
(
2b−c
2
2b−c
4
2b−c
2
2b−c
2
2b−c
2
S11
b−c
2
2b−c
2
4b−3c
6
2b−c
2
b−c
2
2b−c
2
4b−3c
6
2b−c
2
8b−7c
14
2b−c
2
2b−c
2
!"#$
!
3b−2c
4
2b−c
2
2b−c
2
2b−c
2
S12
b−c
2
3b−2c
4
4b−3c
8
6b−3c
8
5b−4c
8
2b−c
2
6b−3c
8
8b−3c
8
8b−7c
16
6b−3c
8
2b−c
4
3b−c
4
&"#%$
'
16b−5c
16
7b−2c
8
4b−c
4
S13 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
3b−2c
3
14b−9c
14
8b−7c
8
5b−4c
5
2b−c
2
2b−c
2
16b−11c
16
!"#$
!
8b−3c
8
3b−c
3
S14
2b−2c
3 b− c
12b−9c
14
4b−3c
4
3b−3c
4 b− c
8b−6c
9
4b−3c
4
6b−5c
8
10b−7c
10
2b−c
2
2b−c
2
7b−5c
8
8b−5c
8
!"#$
!
2b−c
2
S15 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
6b−5c
6
4b−3c
4
2b−c
2
2b−c
2
4b−3c
4
3b−2c
3
2b−c
2
!"#$
!

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4
b 0 − b
9
−b 0 −b 0 0 b b
4
0 0 b
9
0
S1
−b+c
4
!"#$%
&'
− 2b+c
4
b+c
2
2c
7
−b − 2c − 6b+5c
2
− 2b+3c
2
−b+2c
4
−4b+5c
18
−2b+c
8
2b+3c
4
− 2b+c
8
− c
2
−b− c − c
2
S2 b− c
−4b+3c
2
(#!)%
"
−8b+7c
4
3b − 2c −b+2c
2
14b−7c
2
c b − c 8b−11c
18
3b − c 2b−2c
9
6b−5c
8
− c
8
−2b+c
7
c
8
S3 0 −
3b
2
− 3c
4
 
b
2
−2b+c
4
0 3c
4
c
4
0 2b−c
4
3b
2
0 − c
4
− b
2
0
S4
−b+c
9
− 2b+3c
14
4b−c
2
− c
4
!"#$%
&(
− 3b+2c
3
− 4b+5c
25
−b b+c
16
−5b+c
81
4b−c
2
b−c
4
−3b+c
32
0 − b+2c
16
0
S5 −b + c
−4b+7c
2
6b−9c
8
2b−c
2
−3b+5c
3
!"#$%
*
− 4b+5c
2
−b− 2c −4b+5c
2
−3b + 5c 2b−c
4
6b+3c
8
−2b+c
2
− 7c
6
−b− c − c
2
S6 0
−2b+9c
2
10b−5c
2
0 6b+4c
25
7c
2
 
−b+c
3
4b+c
25
0 8b−3c
2
b−4c
9
0 − c
54
− 16b+5c
162
0
S7 −b + c
−2b+5c
2
6b−7c
4
8b−7c
4
−b + c 5c
2
−3b+c
3
!"#$%
(
−4b+5c
2
−6b+11c
2
10b−5c
8
6b−c
4
−6b+5c
8
− 2c
7
− 4b+c
8
− c
8
S8 0
b−2c
4
b b−c
2
5b−4c
16
−b− c 14b−10c
25
−b− c  13b−13c
81
5b−c
3
6b−3c
14
8b−5c
64
− 5c
32
2b+c
32
c
18
S9 0
8b−7c
18
−4b+9c
18
0 13b−5c
81
−b − 3c 0 − 2b+7c
2
−5b+9c
81
 −3b + c −6b+3c
2
0 − 7c
25
−10b+2c
25
0
S10 b− c
−6b+3c
4
8b−5c
2
−2b+c
2
3b − 2c −2b+c
4
12b−7c
2
0 5b−4c
3
−b + c "#!%
*
−b + c 2b−c
2
c
2
−4b+5c
6
c
2
S11
b−c
4
− 2b+c
2
2b
9
− b+c
2
3b−c
4
− b+c
2
7b
9
− c
2
2b−c
7
−2b+c
2
−4b+c
2
!"#$%
"
2b+c
8
c
2
c
2
c
2
S12 0
c
4
b
2
0 b
32
−2b+c
4
0 − b
2
c
64
0 2b−c
4
− c
4
 − c
64
− b
32
0
S13 0
c
2
−4b+3c
8
−b+c
2
0 7c
6
−12b+7c
54
−2b+5c
14
−8b+9c
32
−10b+12c
25
−b −b −8b+5c
64
 
−8b+c
32
− c
18
S14
b−c
9
3c
2
−2b+c
14
c
4
3b+c
16
3c
2
20b+3c
162
3c
8
2b−3c
32
3c
25
− 4b+c
6
− c
2
3b−c
32
3c
32
 0
S15 0
c
2
− c
8
0 0 c
2
0 c
8
− c
18
0 − c
2
− c
2
0 c
18
0  

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
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2 0 b 0 b 0
b
2 0
b
2 0 b 0 b
S1 −
c
2
!"#
$
b−c
3
b−c
2 −
c
2
2b−c
3 b
3b−c
4 −
c
2
2b−c
3
b−c
3
2b−c
3 −
c
2 b b b
S2 0
b−c
3  
b−c
2 0
2b−c
3 0
2b−c
3 0
b−c
3 0
b−c
2 0
2b−c
2 0
2b−c
2
S3 −
c
2
b−c
2
b−c
2
!"#
$
− c2
b−c
2
b−c
2
b−c
2 −
c
2
b−c
2
b−c
2
b−c
2 −
c
2
2b−c
2
2b−c
2
2b−c
2
S4 0
b
2 0
b
2  b 0 b 0
b
2 0
b
2 0 b 0 b
S5 −c
b−2c
3
b−2c
3
b−c
2 −c
!"#
$
b−c
2
2b−c
3 −c
b−c
2
b−c
2
2b−c
3 −c b b b
S6 0 −c 0
b−c
2 0
b−c
2  
2b−c
3 0 −c 0
2b−2c
3 0
2b−2c
3 0
2b−c
2
S7 −c
b−3c
4
b−2c
3
b−c
2 −c
b−2c
3
b−2c
3
!"#
$
−c −c 2b−2c3
2b−2c
3 −c
2b−2c
3
2b−c
2
2b−c
2
S8 0
b
2 0
b
2 0 b 0 b  
b
2 0
b
2 0 b 0 b
S9 −
c
2
b−2c
3
b−c
3
b−c
2 −
c
2
b−c
2 b b −
c
2 !"#
b−c
3 b− c −
c
2
2b−c
2 b
3b−c
3
S10 0
b−c
3 0
b−c
2 0
b−c
2 0
2b−2c
3 0
b−c
3  
b−c
2 0 b− c 0 b− c
S11 −
c
2
b−2c
3
b−c
2
b−c
2 −
c
2
b−2c
3
2b−2c
3
2b−2c
3 −
c
2 b− c
b−c
2
$!"$#
%
− c2 b− c b− c b− c
S12 0
b
2 0
b
2 0 b 0 b 0
b
2 0
b
2  b 0 b
S13 −c −c
b−2c
2
b−2c
2 −c −c
2b−2c
3
2b−2c
3 −c
b−2c
2 b− c b− c −c
$!"$#
%
2b−c
2
2b−c
2
S14 0 −c 0
b−2c
2 0 −c 0
b−2c
2 0 −c 0 b− c 0
b−2c
2  b− c
S15 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 −c
b−3c
3 b− c b− c −c
b−2c
2 b− c !"#
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4
0 − b
4
0 −b 0 −b 0 − b
4
0 − b
4
0 −b 0 −b
S1
c
4
!"#$
%
− b
3
−b+3c
4
c
4
−5b+c
9
−2b− c − b
2
c
4
− 2b
3
− b
3
−5b+c
9
c
4
−b− c −2b− c −b− c
S2 0
c
3
 
−b+3c
4
0 −4b+2c
9
0 −2b+c
9
0 c
3
0 −b+3c
4
0 −6b+3c
4
0 −2b+c
2
S3
c
4
−3b+c
4
−3b+c
4
!"#$
&
c
4
−b+c
4
−b+c
4
b+c
4
c
4
−b+c
4
−3b+c
4
b+c
4
c
4
−6b+c
4
−6b+c
4
−4b+c
4
S4 0 −
b
4
0 − b
4
 −b 0 −b 0 − b
4
0 − b
4
0 −b 0 −b
S5 c
−b+5c
9
−2b+4c
9
−b+c
4
c !"#$
&
−3b+c
8
− b
3
c −3b+c
8
− b
2
− 4b+c
9
c −2b− 2c −2b− 2c −b− c
S6 0 b+ 2c 0
−b+c
4
0 −b+3c
8
 − b
3
0 b+ 2c 0 −2b+2c
3
0 −4b+7c
9
0 −4b+c
4
S7 c
c
2
−b+2c
9
− b+c
4
c c
3
c
3
 c 2b+ 2c −8b+2c
9
−4b+4c
9
c −2b+c
3
− 6b+c
4
−b
S8 0 −
b
4
0 − b
4
0 −b 0 −b  − b
4
0 − b
4
0 −b 0 −b
S9
c
4
2c
3
− b
3
−b+c
4
c
4
−b+3c
8
−2b− c 2b− 2c c
4
!'"#'$ − b
3
−3b+ 4c c
4
−3b+c
2
−2b− c −9b+c
9
S10 0
c
3
0 −b+3c
4
0 c
2
0 −2b+8c
9
0 c
3
 
−b+3c
4
0 −2b+ 3c 0 −b+ 2c
S11
c
4
−b+5c
9
−3b+c
4
− b+c
4
c
4
b+4c
9
−2b+2c
3
−4b+4c
9
c
4
−4b+ 3c −3b+c
4
!("#($
)
c
4
−2b+ 2c −b+ 2c −b+ 2c
S12 0 −
b
4
0 − b
4
0 −b 0 −b 0 − b
4
0 − b
4
 −b 0 −b
S13 c b+ c
−3b+6c
4
−b+6c
4
c 2b+ 2c −7b+4c
9
−b+2c
3
c −b+3c
2
−3b+ 2c −2b+ 2c c !("#($
)
− 3b
2
−4b+c
4
S14 0 b+ 2c 0
−b+6c
4
0 2b+ 2c 0 b+6c
4
0 b+ 2c 0 −2b+ c 0 3c
2
 −b+ c
S15 c b+ c
−b+2c
2
−b+4c
4
c b+ c −b+4c
4
c c −b+9c
9
−2b+ c −2b+ c c −b+4c
4
−b+ c !"#$

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
2 b
2b
3 b 0
b
2 0
b
2 b b b b
S1 −
c
2
!"#
$
b−c
3
b−c
2
b−c
3
2b−c
3 b
3b−c
4 −
c
2
2b−c
3
b−c
3
2b−c
3 b b b b
S2 0
b−c
3
!"#
%
b−c
2 0
2b−c
3 0
2b−c
3 0
b−c
3
b−c
2
b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S3 −
c
2
b−c
2
b−c
2
!"#
$
− c2
b−c
2
b−c
2
b−c
2 −
c
2
b−c
2
b−c
2
b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S4 −
c
2
b−c
3 0
b
2
!"#
%
b b2 b −
c
2
b−c
3 0
b
2 b b b b
S5 −c
b−2c
3
b−2c
3
b−c
2 −c
!"#
$
b−c
2
2b−c
3 −c
b−c
2
b−c
2
2b−c
3 b b b b
S6 −
2c
3 −c 0
b−c
2 −
c
2
b−c
2  
2b−c
3 −c −c
2b−2c
3
2b−2c
3
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S7 −c
b−3c
4
b−2c
3
b−c
2 −c
b−2c
3
b−2c
3
!"#
$
−c −c 2b−2c3
2b−2c
3
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S8 0
b
2 0
b
2
b
2 b b b !"# b− c b− c b− c b− c b− c b− c b− c
S9 −
c
2
b−2c
3
b−c
3
b−c
2
b−c
3
b−c
2 b b b− c !"# b− c b− c b− c b− c b− c b− c
S10 0
b−c
3
b−c
2
b−c
2 0
b−c
2
2b−2c
3
2b−2c
3 b− c b− c !"# b− c b− c b− c b− c b− c
S11 −
c
2
b−2c
3
b−c
2
b−c
2 −
c
2
b−2c
3
2b−2c
3
2b−2c
3 b− c b− c b− c !"# b− c b− c b− c b− c
S12 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 b− c b− c b− c b− c !"# b− c b− c b− c
S13 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 b− c b− c b− c b− c b− c !"# b− c b− c
S14 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 b− c b− c b− c b− c b− c b− c !"# b− c
S15 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 b− c b− c b− c b− c b− c b− c b− c !"#

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  !" −c 2b− c
b−4c
4
b−4c
4
−b− c b−9c
9
−b− c b− c b−4c
4
2b− c b−2c
2
−c −c −c −c
S1 b #
4b−4c
9
b+c
4
2b−c
3
− c
3
−2b− 2c − c
2
6b+c
4
− c
3
8b−2c
9
b−2c
9
−c −c −c −c
S2 b− 2c
4b−4c
9
$ !$"
%
b+c
4
2b− 2c − b+4c
9
4b− 3c b−5c
9
b− 2c 2b−2c
3
3b−c
4
3b−c
4
− c
4
− c
4
− c
4
− c
4
S3
4b−c
4
− b+c
4
− b+c
4
 !"
&
6b−c
4
b−c
4
b−c
4
3b−c
4
6b−c
4
b−c
4
3b−c
4
3b−c
4
− c
4
− c
4
− c
4
− c
4
S4
4b−c
4
b−2c
3
2b− 2c b−6c
4
$ !$"
%
−2b− 2c b−3c
2
−b− c 3b
2
7b−4c
9
3b− 2c 3b−6c
4
−c −c −c −c
S5 b+ c
b
3
4b+c
9
b−c
4
2b+ 2c  !"
&
3b−c
8
b−5c
9
2b+ 2c 3b−c
8
b
2
2b−4c
9
−c −c −c −c
S6
9b−c
9
2b+ 2c 3b− 4c b−c
4
3b−c
2
b−3c
8
' !'" − 2c
3
2b+ c 2b+ c b
3
b
3
− c
4
− c
4
− c
4
− c
4
S7 b+ c
b
2
5b−c
9
b−3c
4
b+ c 5b−c
9
2b
3
 !"
(
2b+ c 2b+ c b
3
b
3
− c
4
− c
4
− c
4
− c
4
S8 b− c −
b+6c
4
2b− c b−6c
4
− 3c
2
−2b− 2c −b− 2c −b− 2c # 0 0 0 0 0 0 0
S9
4b−c
4
b
3
2b−2c
3
b−c
4
4b−7c
9
b−3c
8
−b− 2c −b− 2c 0 # 0 0 0 0 0 0
S10 b− 2c
2b−8c
9
b−3c
4
b−3c
4
2b− 3c − c
2
− c
3
− c
3
0 0 # 0 0 0 0 0
S11
2b−c
2
2b−c
9
b−3c
4
b−3c
4
6b−3c
4
4b−2c
9
− c
3
− c
3
0 0 0 # 0 0 0 0
S12 b b
b
4
b
4
b b b
4
b
4
0 0 0 0 # 0 0 0
S13 b b
b
4
b
4
b b b
4
b
4
0 0 0 0 0 # 0 0
S14 b b
b
4
b
4
b b b
4
b
4
0 0 0 0 0 0 # 0
S15 b b
b
4
b
4
b b b
4
b
4
0 0 0 0 0 0 0 #

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2 0 b 0 b 0
b
2 0
b
2 0 b 0 b
S1 −
c
2
!"#
$
b−c
2
b−c
2 −
c
2 b b b −
c
2
b−c
3
b−c
2
b−c
2 −
c
2 b b b
S2 0
b−c
2  
b−c
2 0
b−c
2 0
b−c
2 0
2b−c
3 0
2b−c
3 0
2b−c
2 0
2b−c
2
S3 −
c
2
b−c
2
b−c
2
!"#
%
− c2
b−c
2
b−c
2
b−c
2 −
c
2
b−c
2
b−c
2
b−c
2 −
c
2
2b−c
2
2b−c
2
2b−c
2
S4 0
b
2 0
b
2  b 0 b 0
b
2 0
b
2 0 b 0 b
S5 −c −c
b−c
2
b−c
2 −c
!"#
%
b b −c −c b−c2
b−c
2 −c
b−c
2 b b
S6 0 −c 0
b−c
2 0 −c  
2b−2c
3 0
b−c
2 0
2b−c
3 0
2b−2c
3 0
2b−c
2
S7 −c −c
b−c
2
b−c
2 −c −c
2b−2c
3
%!"%#
$
−c −c b−c2
b−c
2 −c
2b−3c
4
2b−c
2
2b−c
2
S8 0
b
2 0
b
2 0 b 0 b  
b
2 0
b
2 0 b 0 b
S9 −
c
2
b−c
3
b−2c
3
b−c
2 −
c
2 b
b−c
2 b −
c
2
!"#
$
b− c b− c − c2 b
2b−c
2
3b−c
3
S10 0
b−c
2 0
b−c
2 0
b−c
2 0
b−c
2 0 b− c  b− c 0 b− c 0 b− c
S11 −
c
2
b−c
2
b−2c
3
b−c
2 −
c
2
b−c
2
b−2c
3
b−c
2 −
c
2 b− c b− c !"# −
c
2 b− c b− c b− c
S12 0
b
2 0
b
2 0 b 0 b 0
b
2 0
b
2  b 0 b
S13 −c −c
b−2c
2
b−2c
2 −c
b−c
2
2b−2c
3
3b−2c
4 −c −c b− c b− c −c
!"#
%
2b−c
2
2b−c
2
S14 0 −c 0
b−2c
2 0 −c 0
b−2c
2 0
b−2c
2 0 b− c 0
b−2c
2  b− c
S15 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 −c
b−3c
3 b− c b− c −c
b−2c
2 b− c !"#

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4
0 − b
4
0 −b 0 −b 0 − b
4
0 − b
4
0 −b 0 −b
S1
c
4
!"#$
%
−3b+c
4
−b+3c
4
c
4
−2b− c −b− c −b− c c
4
−b+c
9
−3b+c
4
−b+3c
4
c
4
−2b− c −b− c −b− c
S2 0
−b+3c
4
 
−b+3c
4
0 c
2
0 c
2
0 −4b+2c
9
0 −4b+2c
9
0 −2b+c
2
0 −2b+c
2
S3
c
4
−3b+c
4
−3b+c
4
!"#$
&
c
4
−b+c
4
−b+c
4
b+c
4
c
4
−b+c
4
−3b+c
4
b+c
4
c
4
−6b+c
4
−6b+c
4
−4b+c
4
S4 0 −
b
4
0 − b
4
 −b 0 −b 0 − b
4
0 − b
4
0 −b 0 −b
S5 c b+ 2c −
b
2
−b+c
4
c !"#$
&
−b− c −b− c c b+ 2c − b
2
−b+c
4
c −b+c
4
−b− c −b− c
S6 0 b+ c 0
−b+c
4
0 b+ c  −4b+4c
9
0 −b+3c
8
0 −5b+c
9
0 −2b+5c
9
0 −4b+c
4
S7 c b+ c −
b
2
− b+c
4
c b+ c −4b+4c
9
!"#$
'
c 2b+ 2c − b
2
0 c −2b+3c
8
−b −b
S8 0 −
b
4
0 − b
4
0 −b 0 −b  − b
4
0 − b
4
0 −b 0 −b
S9
c
4
−b+c
9
−2b+4c
9
−b+c
4
c
4
−2b− c −3b+c
8
−2b− 2c c
4
!"#$
%
−3b+ 2c −3b+ 3c c
4
−2b− c − 3b
2
−9b+c
9
S10 0
−b+3c
4
0 −b+3c
4
0 c
2
0 c
2
0 −2b+ 3c  −2b+ 3c 0 −b+ 2c 0 −b+ 2c
S11
c
4
−3b+c
4
−2b+4c
9
− b+c
4
c
4
−b+c
4
−b+5c
9
0 c
4
−3b+ 3c −3b+ 2c !("#($ c
4
−b+ 2c −2b+ 2c −b+ 2c
S12 0 −
b
4
0 − b
4
0 −b 0 −b 0 − b
4
0 − b
4
 −b 0 −b
S13 c b+ 2c
−b+2c
2
−b+6c
4
c −b+c
4
−5b+2c
9
−3b+2c
8
c b+ 2c −2b+ c −2b+ c c !"#$
&
− 4b+c
4
−4b+c
4
S14 0 b+ c 0
−b+6c
4
0 b+ c 0 c 0 3c
2
0 −2b+ 2c 0 b+4c
4
 −b+ c
S15 c b+ c
−b+2c
2
−b+4c
4
c b+ c −b+4c
4
c c −b+9c
9
−2b+ c −2b+ c c −b+4c
4
−b+ c !"#$

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
2 b
2b
3 b 0
b
2 0
b
2 b b b b
S1 −
c
2
!"#
$
b−c
2
b−c
2
2b−c
4 b b b −
c
2
b−c
3
b−c
2
b−c
2 b b b b
S2 0
b−c
2  
b−c
2 0
b−c
2 0
b−c
2 0
2b−c
3 0
2b−c
3
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S3 −
c
2
b−c
2
b−c
2
!"#
%
− c2
b−c
2
b−c
2
b−c
2 −
c
2
b−c
2
b−c
2
b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S4 −
c
2
b−2c
4 0
b
2
!"#
%
b−c
2 b b −
c
2
b−c
3 0
b
2 b b b b
S5 −c −c
b−c
2
b−c
2
b−c
2
!"#
%
b b −c −c b−c2
b−c
2 b b b b
S6 −
2c
3 −c 0
b−c
2 −c −c
%!"%#
$
2b−2c
3 −
c
2
b−c
2 0
2b−c
3
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S7 −c −c
b−c
2
b−c
2 −c −c
2b−2c
3
%!"%#
$
−c −c b−c2
b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S8 0
b
2 0
b
2
b
2 b
b
2 b !"# b− c b− c b− c b− c b− c b− c b− c
S9 −
c
2
b−c
3
b−2c
3
b−c
2
b−c
3 b
b−c
2 b b− c !"# b− c b− c b− c b− c b− c b− c
S10 0
b−c
2 0
b−c
2 0
b−c
2 0
b−c
2 b− c b− c !"# b− c b− c b− c b− c b− c
S11 −
c
2
b−c
2
b−2c
3
b−c
2 −
c
2
b−c
2
b−2c
3
b−c
2 b− c b− c b− c !"# b− c b− c b− c b− c
S12 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 b− c b− c b− c b− c !"# b− c b− c b− c
S13 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 b− c b− c b− c b− c b− c !"# b− c b− c
S14 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 b− c b− c b− c b− c b− c b− c !"# b− c
S15 −c −c
b−2c
2
b−2c
2 −c −c
b−2c
2
b−2c
2 b− c b− c b− c b− c b− c b− c b− c !"#

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  !" −c 2b− c
b−4c
4
b−4c
4
−b− c b−9c
9
−b− c b− c b−4c
4
2b− c b−2c
2
−c −c −c −c
S1 b
 !"
#
0 b+c
4
2b−3c
8
−b− c −2b− 2c −b− c b 4b−4c
9
b
2
b
2
−c −c −c −c
S2 b− 2c 0 $ !$"
b+c
4
b− 2c b−c
4
3b− 3c 3b−c
4
2b− 2c b−5c
9
3b− 2c 2b−4c
9
− c
4
− c
4
− c
4
− c
4
S3
4b−c
4
− b+c
4
− b+c
4
 !"
%
6b−c
4
b−c
4
b−c
4
3b−c
4
6b−c
4
b−c
4
3b−c
4
3b−c
4
− c
4
− c
4
− c
4
− c
4
S4
4b−c
4
3b−2c
8
2b− c b−6c
4
 !"
%
b−c
4
−b− 2c −b− 2c 4b+c
4
5b−2c
9
2b− c b−2c
2
−c −c −c −c
S5 b+ c b+ c
b−c
4
b−c
4
b−c
4
 !"
%
−b− 2c −b− 2c b+ c b+ c b
2
b
2
−c −c −c −c
S6
9b−c
9
2b+ 2c 3b− 3c b−c
4
2b+ c 2b+ c  !"
&
b−c
9
3b
2
3b−c
8
3b− 2c 2b−4c
9
− c
4
− c
4
− c
4
− c
4
S7 b+ c b+ c
b−3c
4
b−3c
4
2b+ c 2b+ c b−c
9
 !"
&
b+ c b+ c 3b−c
4
3b−c
4
− c
4
− c
4
− c
4
− c
4
S8 b− c −c 2b− 2c
b−6c
4
− b+4c
4
−b− c − 3c
2
−b− c ' 0 0 0 0 0 0 0
S9
4b−c
4
4b−4c
9
5b−c
9
b−c
4
2b−5c
9
−b− c b−3c
8
−b− c 0 ' 0 0 0 0 0 0
S10 b− 2c −
c
2
2b− 3c b−3c
4
b− 2c − c
2
2b− 3c b−3c
4
0 0 ' 0 0 0 0 0
S11
2b−c
2
− c
2
4b−2c
9
b−3c
4
2b−c
2
− c
2
4b−2c
9
b−3c
4
0 0 0 ' 0 0 0 0
S12 b b
b
4
b
4
b b b
4
b
4
0 0 0 0 ' 0 0 0
S13 b b
b
4
b
4
b b b
4
b
4
0 0 0 0 0 ' 0 0
S14 b b
b
4
b
4
b b b
4
b
4
0 0 0 0 0 0 ' 0
S15 b b
b
4
b
4
b b b
4
b
4
0 0 0 0 0 0 0 '

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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2 0 b 0 b 0
b
2 0
b
2 0 b 0 b
S1
b−c
2
!"#$
%
2b−c
3
2b−c
4
b−c
2
4b−c
6 b
6b−c
8
b−c
2
4b−c
6
2b−c
3
4b−c
6
b−c
2 b b b
S2 0
2b−c
3  
2b−c
2 0
4b−c
6 0
4b−c
6 0
2b−c
3 0
2b−c
2 0
4b−c
4 0
4b−c
4
S3
b−c
2
2b−c
4
2b−c
2
&"#'$
(
b−c
2
2b−c
4
6b−3c
8
2b−c
4
b−c
2
6b−3c
8
2b−c
2
2b−c
2
b−c
2
4b−c
4
4b−c
4
4b−c
4
S4 0
b
2 0
b
2  b 0 b 0
b
2 0
b
2 0 b 0 b
S5 b− c
4b−3c
6
4b−3c
6
2b−c
4 b− c
&"#'$
(
6b−3c
8
4b−c
6 b− c
6b−3c
8
6b−3c
8
4b−c
6 b− c b b b
S6 0 b− c 0
6b−3c
8 0
6b−3c
8  
4b−c
6 0 b− c 0
2b−c
2 0
2b−c
2 0
4b−c
4
S7 b− c
6b−5c
8
4b−3c
6
2b−c
4 b− c
4b−3c
6
4b−3c
6
!"#$
%
b− c b− c 2b−c2
2b−c
2 b− c
2b−c
2
4b−c
4
4b−c
4
S8 0
b
2 0
b
2 0 b 0 b  
b
2 0
b
2 0 b 0 b
S9
b−c
2
4b−3c
6
2b−c
3
6b−3c
8
b−c
2
6b−3c
8 b b
b−c
2
!"#$
!
2b−c
3
2b−c
2
b−c
2
4b−c
4 b
6b−c
6
S10 0
2b−c
3 0
2b−c
2 0
6b−3c
8 0
2b−c
2 0
2b−c
3  
2b−c
2 0
2b−c
2 0
2b−c
2
S11
b−c
2
4b−3c
6
2b−c
2
2b−c
2
b−c
2
4b−3c
6
2b−c
2
2b−c
2
b−c
2
2b−c
2
2b−c
2
!"#$
!
b−c
2
2b−c
2
2b−c
2
2b−c
2
S12 0
b
2 0
b
2 0 b 0 b 0
b
2 0
b
2  b 0 b
S13 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
2b−c
2
2b−c
2 b− c
4b−3c
4
2b−c
2
2b−c
2 b− c
!"#$
!
4b−c
4
4b−c
4
S14 0 b− c 0
4b−3c
4 0 b− c 0
4b−3c
4 0 b− c 0
2b−c
2 0
4b−3c
4  
2b−c
2
S15 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4 b− c
6b−5c
6
2b−c
2
2b−c
2 b− c
4b−3c
4
2b−c
2
!"#$
!
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4
0 − b
4
0 −b 0 −b 0 − b
4
0 − b
4
0 −b 0 −b
S1
−b+c
4
 − b
3
2b+c
8
−b+c
4
− 2b+c
9
−b− c − 2b+c
8
−b+c
4
− 2b+c
6
− b
3
− 2b+c
9
−b+c
4
− 2b+c
2
−b− c − 2b+c
2
S2 0
−b+c
3
 
−4b+3c
4
0 − 2b+c
18
0 b−c
9
0 −b+c
3
0 −4b+3c
4
0 −8b+c
8
0 − b
2
S3
−b+c
4
2b−3c
8
−4b+c
4
!"#$%
&
−b+c
4
2b−c
8
−2b+c
16
6b−c
8
−b+c
4
−6b+3c
16
−4b+c
4
−4b+3c
4
−b+c
4
− 8b+c
8
− 4b+3c
8
− 4b+c
8
S4 0 −
b
4
0 − b
4
 −b 0 −b 0 − b
4
0 − b
4
0 −b 0 −b
S5 −b+ c
−2b+3c
9
−2b+3c
18
2b−c
8
−b+ c !"#$%
&
− 6b+c
32
− c
6
−b+ c −10b+c
32
− 2b+c
8
− b+2c
9
−b+ c − 2b+3c
2
− 2b+3c
2
− 2b+c
2
S6 0 −b+ 2c 0
−2b+c
16
0 −6b+7c
32
 − c
6
0 −b+ 2c 0 −2b+c
3
0 −4b+3c
6
0 − 4b+c
8
S7 −b+ c
−2b+3c
8
b
9
6b−5c
8
−b+ c c
6
c
6
"#!%
'
−b+ c −2b+5c
2
− 2b
3
−2b+c
3
−b+ c −4b+c
6
− 4b+5c
8
− 2b+c
4
S8 0 −
b
4
0 − b
4
0 −b 0 −b  − b
4
0 − b
4
0 −b 0 −b
S9
−b+c
4
−2b+3c
6
− b
3
−6b+3c
16
−b+c
4
−10b+9c
32
−b− c − 2b+3c
2
−b+c
4
!"#$% − b
3
−4b+3c
2
−b+c
4
−b −b− c − 6b+c
9
S10 0
−b+c
3
0 −4b+3c
4
0 −2b+3c
8
0 −2b+2c
3
0 −b+c
3
 
−4b+3c
4
0 −b+ c 0 c
2
S11
−b+c
4
−2b+3c
9
−4b+c
4
−4b+c
4
−b+c
4
−b+3c
9
−2b+c
3
−2b+c
3
−b+c
4
−4b+c
2
−4b+c
4
!"#$%
(
−b+c
4
−2b+c
2
c
2
c
2
S12 0 −
b
4
0 − b
4
0 −b 0 −b 0 − b
4
0 − b
4
 −b 0 −b
S13 −b+ c
−2b+3c
2
−8b+7c
8
−8b+9c
8
−b+ c −2b+5c
2
−4b+c
6
−4b+3c
6
−b+ c −b+ c −b −2b+c
2
−b+ c !"#$%
(
− b+c
2
− 4b+c
8
S14 0 −b+ 2c 0
−4b+7c
8
0 −2b+5c
2
0 −4b+9c
8
0 −b+ 2c 0 − c
2
0 − b+2c
2
 0
S15 −b+ c
−2b+3c
2
−b+c
2
−4b+5c
8
−b+ c −2b+3c
2
−4b+5c
8
−2b+3c
4
−b+ c −6b+7c
9
− c
2
− c
2
−b+ c −4b+5c
8
0  
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
2 b
2b
3 b 0
b
2 0
b
2 b b b b
S1
b−c
2
!"#$
%
2b−c
3
2b−c
4
2b−c
3
4b−c
6 b
6b−c
8
b−c
2
4b−c
6
2b−c
3
4b−c
6 b b b b
S2 0
2b−c
3
!"#$
&
2b−c
2 0
4b−c
6 0
4b−c
6 0
2b−c
3
2b−c
2
2b−c
2
4b−c
4
4b−c
4
4b−c
4
4b−c
4
S3
b−c
2
2b−c
4
2b−c
2
'"#&$
(
b−c
2
2b−c
4
6b−3c
8
2b−c
4
b−c
2
6b−3c
8
2b−c
2
2b−c
2
4b−c
4
4b−c
4
4b−c
4
4b−c
4
S4
b−c
2
2b−c
3 0
b
2
!"#$
&
b b2 b
b−c
2
2b−c
3 0
b
2 b b b b
S5 b− c
4b−3c
6
4b−3c
6
2b−c
4 b− c
'"#&$
(
6b−3c
8
4b−c
6 b− c
6b−3c
8
6b−3c
8
4b−c
6 b b b b
S6
2b−2c
3 b− c 0
6b−3c
8
b−c
2
6b−3c
8  
4b−c
6 b− c b− c
2b−c
2
2b−c
2
4b−c
4
4b−c
4
4b−c
4
4b−c
4
S7 b− c
6b−5c
8
4b−3c
6
2b−c
4 b− c
4b−3c
6
4b−3c
6
!"#$
%
b− c b− c 2b−c2
2b−c
2
4b−c
4
4b−c
4
4b−c
4
4b−c
4
S8 0
b
2 0
b
2
b
2 b b b
!"#$
!
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S9
b−c
2
4b−3c
6
2b−c
3
6b−3c
8
2b−c
3
6b−3c
8 b b
2b−c
2
!"#$
!
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S10 0
2b−c
3
2b−c
2
2b−c
2 0
6b−3c
8
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S11
b−c
2
4b−3c
6
2b−c
2
2b−c
2
b−c
2
4b−3c
6
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S12 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
2b−c
2
2b−c
2
2b−c
2
S13 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
2b−c
2
2b−c
2
S14 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
2b−c
2
S15 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
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∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  !"#
2b−3c
4
3b− c 3b−3c
4
3b−3c
4
− 2b+c
2
4b−6c
9
− 2b+c
2
2b− c 3b−3c
4
3b− c 4b−3c
4
− c
2
− c
2
− c
2
− c
2
S1
2b+c
4
 !"#
$
2b−c
9
6b−c
8
b
3
b−c
3
− 2b+3c
3
2b−3c
8
3b+2c
4
b−c
3
4b+c
9
8b−5c
18
− c
2
− c
2
− c
2
− c
2
S2 3b− 2c
2b−c
9
$!" #
%
−4b+3c
4
6b−3c
2
4b−7c
18
5b− 2c 4b−4c
9
3b− 2c 2b−c
3
c
4
c
4
− c
8
− c
8
− c
8
− c
8
S3
3b
4
6b−5c
8
−4b+c
4
 !"#
&
3b+c
4
6b−3c
8
2b−c
16
10b−3c
8
5b
4
6b−3c
16
c
4
c
4
− c
8
− c
8
− c
8
− c
8
S4
3b
4
b−c
3
6b−3c
2
3b−4c
4
$!" #
%
− 2b+3c
2
b− c − 2b+c
2
4b+c
4
5b−c
9
8b−3c
2
5b−4c
4
− c
2
− c
2
− c
2
− c
2
S5
−2b+3c
2
b
3
4b+3c
18
6b−3c
8
−2b+5c
2
 !"#
&
6b+c
32
4b−4c
9
−2b+5c
2
10b−c
32
2b+c
8
10b−7c
18
− c
2
− c
2
− c
2
− c
2
S6
4b+2c
9
−2b+5c
2
5b− 3c 2b−c
16
b 6b−7c
32
$!" #
2b−3c
6
3c
2
3c
2
c
6
c
6
− c
8
− c
8
− c
8
− c
8
S7
−2b+3c
2
2b+c
8
4b
9
10b−7c
8
−2b+3c
2
4b
9
2b+c
6
 !"#
2
3c
2
3c
2
c
6
c
6
− c
8
− c
8
− c
8
− c
8
S8 2b− c
3b−5c
4
3b− c 5b−5c
4
4b−5c
4
− 2b+3c
2
− 3c
2
− 3c
2
' 0 0 0 0 0 0 0
S9
3b
4
b
3
2b−c
3
6b−3c
16
5b−4c
9
10b−9c
32
− 3c
2
− 3c
2
0 ' 0 0 0 0 0 0
S10 3b− 2c
4b−5c
9
− c
4
− c
4
8b−5c
2
2b−3c
8
− c
6
− c
6
0 0 ' 0 0 0 0 0
S11
4b−c
4
8b−3c
18
− c
4
− c
4
5b−c
4
10b−3c
18
− c
6
− c
6
0 0 0 ' 0 0 0 0
S12
c
2
c
2
c
8
c
8
c
2
c
2
c
8
c
8
0 0 0 0 ' 0 0 0
S13
c
2
c
2
c
8
c
8
c
2
c
2
c
8
c
8
0 0 0 0 0 ' 0 0
S14
c
2
c
2
c
8
c
8
c
2
c
2
c
8
c
8
0 0 0 0 0 0 ' 0
S15
c
2
c
2
c
8
c
8
c
2
c
2
c
8
c
8
0 0 0 0 0 0 0 '


 !!"#$%&' ()(*+ ,"-%#./&01 ,&23$4"5.67/-0+ 809#04 !0" $04 :050;."2&< #"&0/404  &.0"# "& λ
=
>
?


∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2 0 b 0 b 0
b
2 0
b
2 0 b 0 b
S1
b−c
2
!"#$
%
2b−c
4
2b−c
4
b−c
2 b b b
b−c
2
2b−c
3
2b−c
4
2b−c
4
b−c
2 b b b
S2 0
2b−c
2  
2b−c
2 0
2b−c
2 0
2b−c
2 0
4b−c
6 0
4b−c
6 0
4b−c
4 0
4b−c
4
S3
b−c
2
2b−c
2
2b−c
4
&"#%$
'
b−c
2
2b−c
2
6b−3c
8
2b−c
2
b−c
2
6b−3c
8
2b−c
4
2b−c
4
b−c
2
4b−c
4
4b−c
4
4b−c
4
S4 0
b
2 0
b
2  b 0 b 0
b
2 0
b
2 0 b 0 b
S5 b− c b− c
2b−c
4
2b−c
4 b− c
!"#$
!
b b b− c b− c 2b−c4
2b−c
4 b− c
2b−c
2 b b
S6 0 b− c 0
6b−3c
8 0 b− c  
2b−c
2 0
6b−3c
8 0
4b−c
6 0
2b−c
2 0
4b−c
4
S7 b− c b− c
2b−c
4
2b−c
4 b− c b− c
2b−c
2
!"#$
!
b− c b− c 2b−c4
2b−c
4 b− c
8b−5c
8
4b−c
4
4b−c
4
S8 0
b
2 0
b
2 0 b 0 b  
b
2 0
b
2 0 b 0 b
S9
b−c
2
2b−c
3
4b−3c
6
6b−3c
8
b−c
2 b
6b−3c
8 b
b−c
2
!"#$
%
2b−c
2
2b−c
2
b−c
2 b
4b−c
4
6b−c
6
S10 0
2b−c
2 0
2b−c
2 0
2b−c
2 0
2b−c
2 0
2b−c
2  
2b−c
2 0
2b−c
2 0
2b−c
2
S11
b−c
2
2b−c
2
4b−3c
6
2b−c
2
b−c
2
2b−c
2
4b−3c
6
2b−c
2
b−c
2
2b−c
2
2b−c
2
!"#$
!
b−c
2
2b−c
2
2b−c
2
2b−c
2
S12 0
b
2 0
b
2 0 b 0 b 0
b
2 0
b
2  b 0 b
S13 b− c b− c
4b−3c
4
4b−3c
4 b− c
2b−c
2
2b−c
2
8b−3c
8 b− c b− c
2b−c
2
2b−c
2 b− c
!"#$
!
4b−c
4
4b−c
4
S14 0 b− c 0
4b−3c
4 0 b− c 0
4b−3c
4 0
4b−3c
4 0
2b−c
2 0
4b−3c
4  
2b−c
2
S15 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4 b− c
6b−5c
6
2b−c
2
2b−c
2 b− c
4b−3c
4
2b−c
2
!"#$
!

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
∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  −
b
4
0 − b
4
0 −b 0 −b 0 − b
4
0 − b
4
0 −b 0 −b
S1
−b+c
4
!"#$%
&
− 2b+c
8
2b+c
8
−b+c
4
−b− c − 2b+c
2
− 2b+c
2
−b+c
4
−2b+c
9
− 2b+c
8
2b+c
8
−b+c
4
−b− c − 2b+c
2
− 2b+c
2
S2 0
−4b+3c
4
 
−4b+3c
4
0 −b+c
2
0 −b+c
2
0 − 2b+c
18
0 − 2b+c
18
0 − b
2
0 − b
2
S3
−b+c
4
−4b+c
4
− 2b+c
8
!"#$%
'
−b+c
4
−2b+c
4
−6b+3c
16
−b+c
2
−b+c
4
−2b+c
16
− 2b+c
8
6b−c
8
−b+c
4
− 4b+3c
8
− 8b+c
8
− 4b+c
8
S4 0 −
b
4
0 − b
4
 −b 0 −b 0 − b
4
0 − b
4
0 −b 0 −b
S5 −b+ c −b+ 2c −
c
4
2b−c
8
−b+ c !"#$%
(
− 2b+c
2
− 2b+c
2
−b+ c −b+ 2c − c
4
2b−c
8
−b+ c −2b+c
4
− 2b+c
2
− 2b+c
2
S6 0 c 0
−2b+c
16
0 c  −2b+c
6
0 −6b+7c
32
0 − 2b+c
9
0 −b+c
3
0 − 4b+c
8
S7 −b+ c c −
c
4
6b−5c
8
−b+ c c −2b+c
3
!"#$%
)
−b+ c −2b+5c
2
− c
4
2b−c
4
−b+ c −4b+3c
16
− 2b+c
4
− 2b+c
4
S8 0 −
b
4
0 − b
4
0 −b 0 −b  − b
4
0 − b
4
0 −b 0 −b
S9
−b+c
4
−2b+c
9
−4b+3c
9
−6b+3c
16
−b+c
4
−b− c −14b+3c
32
− 2b+3c
2
−b+c
4
!"#$%
&
−4b+c
2
−2b+ c −b+c
4
−b− c − 4b+c
4
− 6b+c
9
S10 0
−4b+3c
4
0 −4b+3c
4
0 −b+c
2
0 −b+c
2
0 −b+ c  −b+ c 0 c
2
0 c
2
S11
−b+c
4
−4b+c
4
−4b+3c
9
−4b+c
4
−b+c
4
−2b+c
4
−2b+3c
9
−2b+c
4
−b+c
4
−2b+c
2
−4b+c
2
!"#$%
"
−b+c
4
c
2
−2b+c
2
c
2
S12 0 −
b
4
0 − b
4
0 −b 0 −b 0 − b
4
0 − b
4
 −b 0 −b
S13 −b+ c −b+ 2c
−4b+3c
4
−8b+9c
8
−b+ c −2b+c
4
−4b+c
6
−8b+3c
16
−b+ c −b+ 2c −b −b −b+ c !"#$%
(
− 4b+3c
8
− 4b+c
8
S14 0 c 0
−4b+7c
8
0 c 0 c
2
0 −b+2c
2
0 −2b+c
2
0 5c
8
 0
S15 −b+ c c
−4b+3c
4
−4b+5c
8
−b+ c c −4b+5c
8
c
2
−b+ c −6b+11c
18
−b −b −b+ c 3c
8
0  

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
∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  
b
2 0
b
2
b
2 b
2b
3 b 0
b
2 0
b
2 b b b b
S1
b−c
2
!"#$
%
2b−c
4
2b−c
4
3b−c
4 b b b
b−c
2
2b−c
3
2b−c
4
2b−c
4 b b b b
S2 0
2b−c
2  
2b−c
2 0
2b−c
2 0
2b−c
2 0
4b−c
6 0
4b−c
6
4b−c
4
4b−c
4
4b−c
4
4b−c
4
S3
b−c
2
2b−c
2
2b−c
4
&"#%$
'
b−c
2
2b−c
2
6b−3c
8
2b−c
2
b−c
2
6b−3c
8
2b−c
4
2b−c
4
4b−c
4
4b−c
4
4b−c
4
4b−c
4
S4
b−c
2
3b−2c
4 0
b
2
!"#$
!
2b−c
2 b b
b−c
2
2b−c
3 0
b
2 b b b b
S5 b− c b− c
2b−c
4
2b−c
4
2b−c
2
!"#$
!
b b b− c b− c 2b−c4
2b−c
4 b b b b
S6
2b−2c
3 b− c 0
6b−3c
8 b− c b− c
!"#$
!
2b−c
2
b−c
2
6b−3c
8 0
4b−c
6
4b−c
4
4b−c
4
4b−c
4
4b−c
4
S7 b− c b− c
2b−c
4
2b−c
4 b− c b− c
2b−c
2
!"#$
!
b− c b− c 2b−c4
2b−c
4
4b−c
4
4b−c
4
4b−c
4
4b−c
4
S8 0
b
2 0
b
2
b
2 b
b
2 b
!"#$
!
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S9
b−c
2
2b−c
3
4b−3c
6
6b−3c
8
2b−c
3 b
6b−3c
8 b
2b−c
2
!"#$
!
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S10 0
2b−c
2 0
2b−c
2 0
2b−c
2 0
2b−c
2
2b−c
2
2b−c
2
!"#$
!
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S11
b−c
2
2b−c
2
4b−3c
6
2b−c
2
b−c
2
2b−c
2
4b−3c
6
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
2b−c
2
2b−c
2
2b−c
2
2b−c
2
S12 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
2b−c
2
2b−c
2
2b−c
2
S13 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
2b−c
2
2b−c
2
S14 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
2b−c
2
S15 b− c b− c
4b−3c
4
4b−3c
4 b− c b− c
4b−3c
4
4b−3c
4
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
2b−c
2
!"#$
!
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
∗ S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
S0  !"# b− c
4b−c
2
3b−3c
4
5b−4c
4
−c 14b−15c
18
−c 2b− c 3b−3c
4
4b−c
2
b−c
2
− c
2
− c
2
− c
2
− c
2
S1
2b+c
4
 !"#
$
2b−c
4
6b−c
8
3b−2c
8
−c − 2b+3c
2
−c 2b+c
4
2b−c
9
b
2
b
2
− c
2
− c
2
− c
2
− c
2
S2 3b− 2c
−2b+c
4
$!"%#
 
−4b+3c
4
3b− 2c 0 10b−5c
2
c
4
6b−3c
2
4b−4c
9
3b− c 2b−2c
9
− c
8
− c
8
− c
8
− c
8
S3
3b
4
− b
2
6b−5c
8
 !"#
&
5b
4
0 6b−3c
16
c
4
3b+c
4
2b−c
16
6b−c
8
6b−c
8
− c
8
− c
8
− c
8
− c
8
S4
3b
4
b
8
4b−c
2
3b−4c
4
' 0 −3c
2
− 3c
2
b+2c
4
b+c
9
4b−c
2
b−c
2
− c
2
− c
2
− c
2
− c
2
S5
−2b+3c
2
−2b+3c
2
6b−3c
8
6b−3c
8
0 ' − 3c
2
− 3c
2
−2b+3c
2
−2b+3c
2
b
2
b
2
− c
2
− c
2
− c
2
− c
2
S6
4b+2c
9
−2b+5c
2
4b− 2c 2b−c
16
3c
2
3c
2
' 0 b+c
2
2b+3c
32
3b− c 2b−2c
9
− c
8
− c
8
− c
8
− c
8
S7
−2b+3c
2
−2b+3c
2
10b−7c
8
10b−7c
8
3c
2
3c
2
0 ' −2b+3c
2
−2b+3c
2
6b−c
8
6b−c
8
− c
8
− c
8
− c
8
− c
8
S8 2b− c b− c
6b−3c
2
5b−5c
4
3b−4c
4
−c 4b−5c
4
−c ' 0 0 0 0 0 0 0
S9
3b
4
10b−5c
18
4b
9
6b−3c
16
8b−7c
18
−c 10b−9c
32
−c 0 ' 0 0 0 0 0 0
S10 3b− 2c −
c
4
8b−5c
2
− c
4
3b− 2c − c
4
8b−5c
2
− c
4
0 0 ' 0 0 0 0 0
S11
4b−c
4
− c
4
10b−3c
18
− c
4
4b−c
4
− c
4
10b−3c
18
− c
4
0 0 0 ' 0 0 0 0
S12
c
2
c
2
c
8
c
8
c
2
c
2
c
8
c
8
0 0 0 0 ' 0 0 0
S13
c
2
c
2
c
8
c
8
c
2
c
2
c
8
c
8
0 0 0 0 0 ' 0 0
S14
c
2
c
2
c
8
c
8
c
2
c
2
c
8
c
8
0 0 0 0 0 0 ' 0
S15
c
2
c
2
c
8
c
8
c
2
c
2
c
8
c
8
0 0 0 0 0 0 0 '

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